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ABSTRACT 

'This review for 1976 has been issued to. analyze and 
synthesize research related to the teaching and learning* of science 
completed during the year* The 'review is intended to provide research 
information for development, personnel, ideas for future research, and 
an indication of trends in research in science education. Research 
has been listed in general categories of: (1) Learning and 
Development; (2) Teaching Methods and Procedures; (3) The . Education 
of Teachers; {^) Evaluation in Science Education; (5) The' Ose of 
Hedia in Scieace Education; (6) The Concepts, Processes' and Content 
of Science; and (7) College Level Research. In all, 327 s.eparate 
studies are cited in the bibliography and most are mentioned in the 
text. Many intermediate 'summations and generalizations are included 
at the end of sections and subsection-s. (HM) 
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Preface 



Research Reviews are being issued'to^nalyze aad synthesize research related to th$ 
teaching and learning of science completed during a oae-year period of time. These re- 
views are developed in cooperation with the National Associatioit for Research in Science 
Teaching. Appointed NARST committees -work with staff of the ERIC Science, 
Mathematics, and Environmental Jfducation Information Analysis Center to evaluate, 
review, analyze, and report research results. It is hoped that these revfews will provide 
research information for development personnel, ideas for future research, and an indi- 
cation of trends in research in science education. 

Your comments and suggestions for this series are invited. 

\ 

\ Stanley L. Helgeson 

Patricia E.,Blosser 
' ' ERIC/SMEAC 



Foreword 

f 

> -When viewing' the research done in science ^education in a yeat, one 

* ♦ ^ • 

is first nearly overwhelmed with its diversity. If one has agreed to 

prepare a cogent review of that research, its^ diversity immediately 

becomes the first problem to^ be solved. Briefly stated, that problem 

is: How can d\e important work being reviewed be organized into a useful, 

coherent, -meaningful pattern? 

To answer the foregoing question we employed a technique not unlike 
that used by Mendel^eev when he developed, the first periodic table of 
the elements. In other words we read abstracts and ported them into 
groups that had con:mon subject matter. 'Iften the abstract left any doubt 
regarding the subject matter of an item, the original source was consulted 
before a decision was mde. The^rganization of this report, therefore, 
is purely empirical. 



* Those persons who did the research fashioned this report's organization 
into seven categories: , 

1. Learning and Development 

2. Teaching Methods and Procedures 

3. The Education of Teachers 

4. Evaluation in Science Education ^ 

5. The Use of Media ^ in Science Education 

6. The Concepts, Processes and Content of Science 

7. College Level Research 

While each of the foregoing categories constitutes a chapter In this 
volume, each chapter has an internal organization based upon that chapter's 
content. 
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Our intent in preparing this report was to' provide a general over- • 
view of the research in science education done*in 1976 an,d to state 
conclusions and questions arising from t,he research which might lead 
other researchers to continue and expand what has been done, A second 
intention of this report's authors was to , include a review of those 
studies that could genuinely be called research, lliere are, however, 
other types of activity in science education wl^ich will be of interest 
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to' science education researchers and which* have been published in some 
form. A rather complete bibliography .of th'^ activities taking^place ^ 
in science education in 1976 follows the narrative of ^his report. That 
bibliography ^contains many^ entries other than the-research reviewed in 
the narrative o'f the report* , ' ' . 

The authors express their thanks to Dr, .Stanley Helgeson and his 
staff of Ohio State University for their assistance and patience in 
searching^ for and locating the data upon which this report is based, 
pur thanks are -also extended to Donna Abraham who ty9ed the report Is 
manuscript. 



Norman, Oklah'oma 
August, 1977 



John Renner 
Michael R, Abraham 
Don 6, Stafford 
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Learning an.d Developmerrt . • • 

The research done in the category- of "Learning and Development" 
during 1976 focused upon the Iheci^es of David. Ausubel and Jean Piaget. 
One study was designed to compare the theories of Piaget, Vygotsky, ^ 
and Ausubel, four studies considered the work of Ausubel and a total 
.of 21 stuflies examined th.e paradigm proposed by Piaget. The four 
studies considering the Ausubelian theory tes'ted the efficacy of the 
advance organizer con'cept. The work -focusing on the Piagetian fheory 
considered the measurement of levels of intellectual development or 
the influence of the theory upon curriculum. 

Research With the Ausubelian Theory 

The four studies reported which considered the advance cfrganizet 
technique were made at three different educational levels. These levels 
are the ninth and twelfth grades, college level physical science for 
non-science majors, and college juniors in -a ^teacher education program. 

Murchison (203) colored the usefulness of the advance organizer 
concept in t^^iching science to ninth graders. Four groups of students 
were formed and oach exposed to a different organizer: a pretest, a 
concrete organizer, an abstract organizer, and a control. The groups . 
were brought togQUher. immediately after experiencing the organizer, given 
a lepture on sound waves and then administered a two-part test. Tlie student 
groups were matched on IQ, sex, and teacher-^determined motivation ranking. 



The pretest was the same as- the test Coif- sounrf" waves) given after the 
lecture, and~the concrete and abstract organizers involved generalized 
wave theory, ' One part of the test involved rote material and all 
questions , which had been answdted in the lecture. The second part of . 
the 'test required abstract and/or problem solving ability, Murchison 
found that, when abstract material is to be learn'ed, a pretest is thev 
best organizer for high IQ boys and for high motivation students. An 
aj)stract organizer is best for high motivation boys and a concrete 
organizer is preferable for high IQ girls and for low motivation students. 
When rote material is to be learned, a pretest is the best for low IQ 
girls. Murchison concluded that multiple advance organizers are important 
aides to learning. / 

• - / 

West and Fensham (307) tested some predictions arising direct.ly from 
Ausubel's theoiry concerning the subsuming rale of advance organizers. 
Specifically, the basic question studied was 'regarding whether the learner's 
existing knowledge plays a subsuming organizing role in subsequent 
learning. The selected topic of "Principles of Equilibrium" was taught ^ 
in twelfth gi?ade chemistry; a period of one week 0-60) minutes was used 
to teach the topic» A total of 37A subjects ^fas involved* The researchers 
stated explicitly that they were not interested in whether or not an 
external organizer led to more effective learning. Rather, they , were 
interested in whether the role played by an external organizer was 
equivalent to the role played by the learner's prior knowledge. The" 
results of the study did not show that the role played by the learner's 
prior knowledge was an organizing or subsuming role. In other words, 
the results did lYot show that the role played by the learner *s prior 
knowledge and the role p^yed by the advance or&anizers were the same. 
According to these researcher^ this research did show that, at 
least for the topic taught, "there is an apparent equivalence in terms 
of learning outcome between whatever role is, played by the learner's 
relevant prior knowledge and the advance organizers," The conclusion was 
drawn that the research sujjported Ausubcl's proposition that prilSr' 
'knowledge structure plays a subsumins; or organizing rolq In new learning. 
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Baylis (21) utilized two classes of advance cognitive organizers, 
(expository and comparative) to^tudy their effects on learner ability ^ 
to conceptualize and modify cognitive structure as a readiness proce*ss 
prior to 'interacting with science content, ' The data were collected ^ , 
through a pretrest-pos ttest multiple treatment design and the. use of the 
"Word Association" instrument and a "Curriculum Embedded Questionnaire," 
The former measured the conceptualization of cognitive structure (defined 
as "meaningfulness of individual 'concepts and relatedness among co'ncepts") 
and' the latter measured the perception of the process (defined as con-r 
ceptualization and valuing of tkc instructional process), This resea*rcher 
concluded th^^t^he two subsets of advance cognitive organizers calPprovide 
a theoretical bas^for designing readiness instruction. The processes 
used were shown to facilitate both conceptualization and modification of 
'a cognitive structure relevant to a specific science content area. 
Finally, the investigator believes the dataA^hov/ed that the learners 
both conceptualized and valued the process; in other words, the process 
Itself was learned, 

A laboratory inquiry-oriented course in college physical science 
for non-science majors was selected by Tavares (291) to use in evaluating - 
the effects using advance organizer/, Tavares' sample was^ divided into 
eighfc groups: high and low academic^ ability, high and low degree of 
previous knowledge, existence and nohTr/ejistence of advance organiser's 
before studying the content,' The null hypothesis tested was: The 
treatment^ does not introduce any statistically significant difference 
for any of the groups. The quantitative data necessary to test that 
hypothesis' were obtained fr<>m the (1) Test on Understanding Science, 
(2) Wisconsin Inventory of ScieAe Processes, (3) an investigator-con- 
structed content achievement test^, and (4) an investigator-constructed 
student attitude inventory. The null liypothesis was a^ccepted for any 
of th*e variables with all of the groups.' 

The research reported here neither confirms nor denied the value ' 
and/or, efficacy of Ausubcl's advance organizer concept. There appears 
""to be a need to approach the problem in a more systematic manner than was 
evident in the research reported hero. Those persons conducting res6arch 
in this area should, we believe, ^ngree on a' set of priorities and' procedure 

. " ' jn 



to use in researching this question, Pprhaps one or more position papers 
could be Ctsed to focus the researcher^s attention on how the Ausubeiian 
paradigm possibly could influence science teaching and possibly from those 
positions a series of research, studies could be chart.ed, Our feeling 
is ttiat this particular paradigm needs an organizing structure from whix:h . 
research could be conducted, • 

Research With the Piagetian Paradigm — Phase I: Measurement 

k Most assui:edly the intellectual>=^evelopment model of Jean Piaget 
has been recognized as researchable by science education.* The research 
reported during 1976 centered around (1) the measurement of intellectual 
ability as des^cribed by Piaget and (2) the value of the Piagetian model 
to the^general area of science curriculum. • 

In establishing hi!^ now famous four stages of cognitive development, 
Piaget utilized various tasks to determine a person's thinking patterns. 
Each of these tasks is individually administered and a, substantial amount 
of time is required to administer tasks to determine a learner's reasoning 
patterns. y For several years researchers have been interested in 
developing procedures and materials which will allow the reasoning levels 
of an entire class or group jto be determined at one time, Such an* 
undertaking suggests the use of some t^^pe of paper-and-pencil evaluation 
tool as a possible proce^kire. There remains, however, much wOvfk still 
being done with the clinical- interv'iew technique designed by Piaget; that 
technique preserves the one-to-one task administration. 

Hooper, Brainerd, and Sipple (128) co(nduc'-ted a four-year longitudinal 
analysis of concept development and, as part of that study', designed a 
seiries of logical concept tasks based upon Piagetian theory. These tasks 
were individualiy' administered to students five years of age and older. ^ ^ 
The tasks were focused upon studying groupings associated with concrete 
oper^itipnal reasoning. A sample of 180 children in kindergarten and grades 
three and six was used; equal numbers of males and females were included. 
These researchers con^:luded that their ''concept task series" provided 
a^ generally reliable " assessment 'of logical reasoning fbr this age group. 



Using six Piagetian-styled tasks that ^Correspond to the six major 
logical^ groupings of concrete operational th^ght, Camp (43) asked 
whether or not the score$(^on those six tasks formed a unidimensional 
scale. He used 102 children equally divided among grades one, two and 
and three,, and studied differences in performances for the three grade 
levels, relationships between performance on each olE the six t«sks and IQ, 
and differences in perf orlnances of males and females. Camp found: Cl) 
the tasks did form a unidimensional scale, (2) tt^re was a ^g'tiif icant 
increase in difficulty between grade levels on four of the* six tasks, 
(3) a significant degrt^e of association existed between IQ and only one 
of the six ^asKs^ and (4) there was no significant difference between 
performaric^ of^ales ancl females on the six ti^sks. Based upon the data, 
Camp made several recoramencjations , among which was the recommi^ndation ' 
that early curricula should fbcus upon experiences with ^^ects rather 
than relying on verbal transmissions about objects. 

Working in Thailand, Pungah (237) studied the developmental Sequence 
of the conservations of number, mass, .V^ight, and volume with 80 boy^|||^ 
and 80 girls ranging in age from 4 to 11,3 years. The results of this 
Study support Plaget's findings that conservation reasoning with these 

Cur tasks occurs in the sequence: number, mass, weight, and volqme. 
ai children conserve number between 6 7 years, mass between 7 and 
8 years, and '^^j^k after* 11 years. The conclusion was al^o drawn that 
sex and soci-oeconOTiic level were "unlikely to be contributing variables" 
in the development of conservation reasoning by Thai dhildreh. >^ 
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Michael Shayer^ working at Chel^^a, England, (265) studied development 
in thinking of middle school and early secondary 'school students.. He 
used children between^ the ages of 9 to 14 years. Each participating child 
(the exact nuinbe>^ Shaycr used was not' available, he did say that there* 
was a need "to test about 2,000 childfen in each year of age" for his 
purposes) completed a spatial concepts task, a volume and heliviness task, 
and the pendulum task. He concluded that the tnajor development fn early 
adolescence is concrete operational reasoning, and believes this Is the" 
type of reasoning that science programs for^^is age level "shoulcj both 



build on and- promote." Shayer also found differences between" the general 
population of this age group and tjie population found, in tbe "above-average 
comprehensive schools." 

^ A total of^96 seventh grade science students ranging in age from; 11,7 
to 1A,A years (a -mean age of 12,6 years) was administered eight conserva-- 
tion tasks to investigate if successful completion of those 'tasks was * 
dependent only upon one type of reasoning or if there were* three components 
(early concrete, middle concrete, and early formal thought) required to 
supcessfully conplete 3II the tasks. When Lawson and Nordland (162) 
subjected their data to a principal components analysis, ^they f^ourtd one 
factor which could be identified as early coficrete^operational reasoning, 
another that identified "something intermediate between 'early concrete 
thought and early formal thought," and a third factor that seemed to indi- 
Gate early formal thought. These researchers state that their results 
"support Piaget' s , distinction between concrete and f6nnal thinking, and 
the tasks^ ability to measure these thinking abilities. They fyrther state 
that the results, do not necessarily support the Piagetian theory in general 
nor the. notion that formal reasoning constitutes a "unified , stage of 
development." , , 

Benefiold and Capie (23) used ten'^of tKe 16 binary operations which 

Piaget describes as being acquired during the formal thought period to 

construct a test using four content types: true content, ^fal-^ content, 

neither false nor true content,, aad randomly , related content. Cit is the 

16 binary operations, where acquired, that represent the whole system of 

integrated operations at the formal level.) Six operations were eliminated 

because of logical equivalence to other operations. Each of the ten opera- 

tions ufied was definfd by a set of four Jtruth' conditions . Using the 16 

binary operations, each of the set of truth conditions could be judged 

true or .false when dealing; with two variables. Each test item contained 

J ^ 

a substitution instance of prop^sition^l operation correspond;ing to a( ^ 
Piag&Jilan binary operation. The subjects were asked to check "Yes, this 
could be true" or "No, the statement could not be, true." Four 10-item 
tests* were constructed; the items were as*^signed randomly ,to complete a 
AO-item test. One hundred fifty-five students in grades A through 12 
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constituted population for the study and completed the test. The range 
of ' scores was 0-34, with a mean of 14,9.' Significant differences were found 
among operations involving each of the four content types as well as the 
composite. » . 

Janovsky^. (134) investigated the development of the quantification of 
speed in children and adolescents. The popul-ation used consisted of ^69 
seventh graders^, 66 ninth graders, and 47 eleventh graders ; all participants 
were currently enrolled in mathematics. Four levels tot qualifying 6peed 
were defined and 'two sublevels were established for each level. Six test 
items were prepared for each, sublevel; the measurement instrument , there- 
fore, conlsisted of 48 items. Forty-nine subjects were also inte-rviewed ' to 
check the accuracy of the results obtained from the 48-item tfist. The ques- 
tions asked the students to compare speeds and predict distances. A test on 
using the operations involved in fractions was also administered. The inves- 
tigator found that the four levels and the sublevels formed scales that could 
be used to assess the development of quantification of speed in children and 
adolescents. Several correlations with reading afid mathematics and the devel- 
oped instrument were also included. Tlie investigator concluded that the 
results demonstrate the need for additional instruction aimed at developing an 
increased understanding of the equivalence of ratios within the context of speed. 

Data from other research support this Conclusion but at a more general 
level; those data — some developed by Piaget — niemonatrate that students do 
not" develop understanding of the ratio concept until earlyi in the formal 
reasoning period. 

A group of 105 third grades children was administered a screening test 
to determine if they exhibited concrete-operational reasoning with respect 

r 

to the ability to make speed-comparisons and perform simple division. From 
that group* Boulanger (34) found that 74 4iad met the criteria; those were 
included in his study to dotemine the effects of training in the propor- 
.tional reasoning associated with the concept of speed. From the 74 
children, 51 were randomly selected and assigned to three equally sized^ 
treatment grouprs. The mean agq of the 51 children was 8 years, 10 months. 
One treatment (T & C) consisted of training the children in the proportional 
reasoning associated with converting dif^tance and elapsed time into a 
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Statement of speed. The children were next exposed to speed comparison 
problems. The second treatment consisted of using comparisons of distances 
traveled and elapsed, time only (CO); no training was given on proportional 
reasoning, A control group was alsp used. The T & C treatment was pro- 
vided during two 25-minute and one 10-minute session on three successive 
days. The CO treatment consisted of one SOnninute and one^l5-minute 
session on two consecutive ci^^ • Those receiving the T C treatment 
scored significantly higher on measures of immediate retention than did , 
the control group but that significance disappeared when long7tertn retention 
was checked. Both groups performed significantly better than the control 
group on problems different in context but similar in format. The T & C 
group could perform this transfer immediately while the CO group achieved 
significant success on transfer problems only after a delay of three weeks. 
In total transfer there were no significant differences between the groups. 
Tlie investigator says: "It is tempting to conclude that the conflict 
experienced by the latter (CO) group in not being given a method of solution 
had a stronger residual effect than the directly trained group," 

Lawson .and Blake C160) addressed tiiemselves to the criticism that 
isome Piaget-designed tasks *'such as the pendulum task and the balance- 
beam task, ,, appear to require 'knowledge of specific physics content and 
therefore do not iJieasure . the underlying cognitive operation which they 
pmrport to assess," These authors used three Piagetian tasks (the pendulum, 
bending rods, and the balance^^^^m) designecT to measure fo'^rmal thought, 
a 13-item pencil-and-paper biology examination designed by the investigators, 
and a non-science content examination designed by Longeot, The studenjt 
sample consisted of 32 males and 36 Yemales from the same high school who 
were .enrolled in a second semester high school biology course, The age 
range of the students was 14 years, 7 months to 17 years, 10 months with 
a mean age of 15 years, 5 months, Lawson and Blake concluded that since 
the students "did not perform more formally on the non-science content 
examination and orr the biology content examination than on the Piqgetian 
tasks, the claim that students perform poorly on the Piagetian tasks because 
they require knowledge of specific physics content has not been supported." 
Lawson and Blake also concluded that "The Piagetian tasks are relatively 
content free and can serve as realistic indicators of concrete and formal 
thinking abilities," 



In 1970 Robert Karplus, University of California, Berkeley, published 
an article which included a puzzle which he called ^'The Islands^ Puzzler^' 
He suggested that the puzzle might perhaps be useful in assessiijg the pre- 
sence of formal reasoning, Blake, Lawson, and Nordland (.29) administered 
"The Islands' Puzzle" (as designed by Karplus) to 126 secondary school 
students and then interviewed those students with three PiagQtian ta^ks. 
Fifty-eight pharmacy majors at Purdue , took the Karplus-designed version of 
"The Islands' Puzzle" CFonn A). A rewritten form. Form B, was administered 
to 52 phannacy majors and 50 completed a second rewritten forraj Form C, 
A random sample of 24 of the 58 students who completed Form A were inter- 
viewed with the same three Piagetian tasks. The investigators concluded 
that "The Inlands' Puzzle" may measure deductive logic but is not measuring 
the*same abilities as the three Piagetian tasks used. These researchers 
do not reconmiend using "The Islands' Puzzle'^ to assess operational levels 
as defined by Piaget or to characterize a person's co^grJjitive level. 

Between 1970 -and the present, the group working at the Lawrence Hall 
of Science, University of California, Berkeley, has published five, studies 
which reveal their findings of "Intellectural Development Beyond Elementary 
School," The sixth of these studies is authored by Vollman (317) and is 
concerned with the ability of persons to control variables. Pilot studies 
had confirmed that, starting as early as the third grade, children are 
aware of the role of variables in certain pontexts, A total of 1555 students 
in grades 4, 6-10, and 12 participated in the research. The students 
responded to written questions following an oral introduction' during which 
an example was modeled. Most students finished the question in less than 
10 minutes. Two scorers read and evaluated each 'paper and an 87 per cent 
agreement was achieved. The data revealed that all responses could be 
placed in four separate response categories, Wollpan concluded tfhat the 
concept of the controlled experiment probably begins near the beginning 
of the concrete operational stage. The root qf the mature concept is 
probably in the child's concepts* of evenness and fairness. Absent at the 
concrete level, however, is a clear idea of what to do in general when 
asked to judge' a multiple-caused^ event , Even when variables are .specif ically 
isolated for the learners at the concrete stage they do not systematically 
<letermine each variabl^j's role by varying it and holding all others the 
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same. Thinking that there is a single formal concept of cpntrolling 
variables and that it belongs only to the formal stage rather than 
developing- throirghout the concrete and formal stages is probably not 
useful, ' ^ * * 



^ Karplus et air. (lAA) administered a proportional reasoning task and 

control-of vari^ables task to 3600 students between 13 and 15 years of 

a'ge In Denmark, Sweden, Italy, United Stages, Austria, Germany and Great 

Britain. TViey collected the data in order to make a determination of the 
* , - 

distribution of ^concr'ete^and formal thought at these age levels. The 
results of ,the research show that 25 per cent of the sample were rated at 
the formal level, 32, per cent in a transition stage, 15 per cent of the \ 
the students^attempted to solve the pr(iblems Jjy addition (Karplus calls 
this the additive level) and 28 per cent ^of the sample operated at an 
intuitive level. 

» 

Two paper-and-pencil tasks were ^dded to the placement tests adjpin- 
istered to 885 students 'enrolled in general chemistry at the University 
of Nebraska, Lincoln, in the fall, 197A C5) . The purpose of the research 
was to improve the placement advice given by the admission officers and 
to test the idea that scores on written Piagetian tasks would be partic- 
ularly effective as grade predictors. The results show that the Piagetianc^' 
tasks score accounted for very little variance in course performance, The 
specifically designed Piagetian tasks did not account for additional . 
variance over and above that accounted for other measurement devices 
already used in the placement procedure. 

Not infrequently, scores on Piagetian tasks are found not to cor- 
vrelate highly with' grades received in college science courses. We hypothe- 
size. that the teaching techniques (lectures, 3emonst rations , show-and-tell), 
used in many college courses do not demand the use of formal thought. 
Furthermore, stu^dcnts are tested upon what they can memorize. Many con- 
crete operational students can memorize enough information to receive 
a respectable grade and, consequently, the* correlation between course 
performance and operational level as determined by tasks 'is reduced. 



Dunlop and Fazio C82) used 466 stude^^its enrolled; >^n^ general college 
chemistry or college physical science to test the. as'si^mption that t:he 
level of reasoning used by students when solving prablems is 'sxibstantially 
below their capacity. Specifically, these researchers investigated 
abstract preferences of science students ,in 18. problem-solving tasks arid 
the relationship between those preferences and levfel of ^cognitive^develop'- 
ment. When studying the abstract ability Clevel of cognitive development) 
and abstract preference scores for science students in'' fi^e different 
grade levels' (eighth, ninth, twelfth, college freshmen, and college 
seniors) the finding was that the abstract preference scores did not 
significantly differ from grade to grade even though abstract ability 
did increase^signif icantly as grade level increases. ^ Furthermbre^, there 
was no significant difference between college freshmen science and non- 
science majors^'but a significant difference in favor of the >science 
group did exist between the abstract preference scores for the science and 
non-^science groups. 

Lawson and Wollman (161) designed and carried out a study -to find 

answers to four' questions: 

1, Can instructional procedures be designed and employed to 
, successfully affect transition from concrete to formal • 

, cognitive functioning in fifth and seventh grade students 

with regard to one aspect of formal thought, i.e., the 
ability to isolate'^gnd control 'variables? ' , 

^ 2, If training can enable concrete students to perform at 

a formal level On tasks which were used in the' training, 
will that training transfer to tasks- also involving the 
control of variables but using novel materials? 

* 3. If training can enable concretfe students to ^perform at a 
formal level on tasks requiring the control of variables, 
will that training transfer to liasks involving different 
concepts but ones which also involve formal thought? 

4. What is the relationship between a student's level of 
intellectual development and his/her ability to profit 
from the training? 

To secure data to answer those questions, Lawson and Wollman worked with 
32' fifth grade students and 32 seventh grade students. The fifth grade 
sample was composed of lA males and 18 females, had an age range of from 
9.5 years to 12.1 years, and a nfean age of 10.5 years. No IQ data were 
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available. The seventh grade sample was divided equally between mal^^s 
and females, had an age range from 11.9 yegrs to 13.6 years, and a mean 
age of 12,6 years. The IQ range was 100-115 with a mean of 109. 

The experimental design used was pretest/posttest control group 
model. The students in the experimental groups received four sessions of 
Individual training on cause-'and-ef f ect relationships. The control groups 
attended their regular classes. Posttesting followed the training sessions 
and consisted of individual interviews conducted by two examiners who did 
not know to which group the students belonged. A female examiner conducted 
the testing with the females and a male examiner worked with the males-, 
The Piagetian tasks used in the pretesting enabled the students to demon- 
strate early concepts (IIA), late concrete (IIB) , post concrete, and early 
formal (IITA) levels of thought. The tasks used in the posttesting allowed 
late formal (IIIB) thought to be demonstrated. In the posttesting, the 
bending reds task measured whether or not the training was effective in 
facilitating the ability to control variables with materials identical 
to those used in the training. The pendulum task was used to determine 
whether or not the training was generalizable to a problem also involving 
controlling variables but using novel materials. The balance beam task 
was also used to measure the ^xtent to which the training led to formal 
thinking. Paper-atta-pencii tests and oral responses were also used, ^e 
seventh grade sample also responded to a shortened version Longeot exami- * 
nation. . - - . ' 

IJiese two researchers answered the first two questions stated earlier 
affirmatively. Students can be trained to isolate and control variables. 
These authors answer question three like this: "Although the training was 
'effective in promoting formal thought with regard to ope aspect of formal 
reasoning, it was limited in extent." In other works, *these researchers' 
data do not support answering question three affirmatively; training for 
general formal operational ability is not productive. 'The data collected 
generally. show — in answer to question four — that the more formal students 
were more receptive to training than were the more concrete students. 
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The rev:^w of the foregoing research s^s more extensive than the 
^ otherg reviewed Here .because the Lawson-Wollniao^ research article received 
the NARST award as b^lng tke most *^out standing research publication in 1976. 

i 

As the Studies involving, the mec^surement within the Piagetian paradigm 
' were* reviewedc one "constant factor seemed to consistently trouble us. 
'That factor is time — duration of the experiment* If one subscribes to 
*the Piageti^ paradigm he/^she understands that the endpoint is the con- 
struction and/or reconstruction of mental schema and/or structure. That 
process ^does not, we Uel^ve, happen rapidly; time is required, In. addition, 
in ^11 probablility except for the experiment's activities, the remainder 
of the learner's "educational experience is at the show-arxd'-tell level. In 
other words, the Piagetian-designed activities of the experiment must 
overcome' the rest, of the activities the child is having and produce Results 
that will demonstrate that the Piagetian paradigm is superior (if it is) , 
To acconip'lishf this in a brief period of a week or two — or an .eight-day 
period as used by the following study — is expecting a great deal. We 
would urge researchers to use greater timA, periods^which will allow 
thorough testing of Piaget's mental structure paradigm. 

A study designed to test how the theories of Piaget, Vygotsky, and 
Ausubel relate to concept acquisition by young -Children was carried out 
Billings (28), Tliirty-one second grade* classes wer^ used by Billings in 
tTjis research/ The concepts used were "interaction** and ''evidence of 
interaction" from Interaction and S'ystems (Science Curriculum Improvemeait 

4 

Study). Ten classes received verbal^ instruction and concrete experiences, 
eleven classes received "only concrete experiences", and ten classes — the 
control group— received no prescribed treatment. An investigator-desigijed 
and validated test, the Concept Acquisition Test (CAT), was i^sed as a . 
pretest and posttest. The experiment was done over an eight-^day period* 
A post- posttest was also administered a week following the experiment. 
The group who had concrete experiences with the concept scored higher on the 
post and postr-post administration of the CAT than did the group receiving 
verbal instruction and concrete experiences, but not significant Xy so. 
Billings states that the findings contradict "Ausubel's theories rega^rding''^^ 
concept presentation to young children" but "do not give total support to 
the theories of cither, Piaget or Vygotsky." This investigator also reports 



that the group who, received only cdncrete experiences with concepts "used 
their own labels to describe ' interaction'^ anji 'evidejic^of interaction'.'' 
Billings conjectures that perhaps thes^ invention of labels £or the concept 
accounted for 'the higher scores of the concrete experience group ^ ?^^>. 
if so, support is added to Piaget-^s position that when teaching new cOncepfs 
to children their own vocabulary should be used. 

Research With the Piagetian Paradi^n — Phase II: Curriculum ■ ♦ j • 

Fifty-six female and 46 male subjects furnished Enwieme (85) the 
data to evaluate the incidence of formal reasoning among Education students 
in eight specific content areas* The students were completing certifi- 
cation in business, English, mathematics, music, modern language,* scp.ence, 
social studies, and speech. Enwieme wished to knpw whether' or not. . 
differences in the incidertcfe of ^ formal thought occurred among , education 
students in those content a?eas ^ wfell a? whether or not a relationship 
existed betwedn formaj reasoning and sex, socioeconomic Ifevel, parental 
education, and/ar grade-pbint average. A specially designed te$t 
measured the' achievement of formal thought. i Theife were signifzcam: 
differences found among formal reasoning abilities for s tu^lents V^^m 
the eight content areas. No significant differences were found -between 
formal reasoning patterns and sex, socioeconomic level, parental educa- 
tion, and grade-point average. 



Chiappetta (53) made an exhaustive literature saaryth to determine 
what research^had found relative to th(*; percentage of secoitaary school 
students who had moved into the sta|e qf formal reasoning, ^^^i'^ppetta 
concluded that "most adoles.cent% arid young 'adult?^ do^ not appear to have ' 
attained the formal operational stage of cognitive development." This 
researcher also related research on cognitive development to science < ' 
achievement and found that^ intellectual functioning helow level is the 
rule rather than the exception. Chiappetta states that courses such 
as PSSC, CBA,.CHEM Study, and BSCS are too abstract for most students. 
He also believes that* curricula such as ISCS and lAC are "better suited 
to the majority of the students." The conclusion reached i^that"* . 
science education will profit from the research done cuily iB *]th.e concern 
pf teachers reaches the point "where it focuses on student [j^arniug," *" ^ 
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Perhaps the most Important conclusion of this stud^ states that "Science 

teachers vhp arc chiefly concerned about themselves in relation to 

*v - . - 

their teaching role or about their adequacy as teachers will be unable 

■ > - ^11 

to focus on' the intellectual capabilities of their students.,. ^ 



Using the Science--A Process Approach (SAPA) Curriculum, Johnson 
(138) 'investigated whether or not children who had^reache^- the concrete 
operational ,stagfe of intellectual development wer4 more, likely' to succeed . 
on SAPA exercises which require multi-classification ability than weji^ 
children identified as pre-operational . The. matched pairs design was 
employed using one child from. ^^ch,J^velopmental stage; the member^of 
each pair had mental ages within approxiinately one standard errpr 6f 
each .other. The students were taught nine sequentially arranged classifi- 
cation exercises as prescribed by SAPA. The concrete group performed 
signific<intly better than did*^the pre^operational group in three exe^ises 
requiring exhaustive sorting, ' ' " 

Griffiths (111) u^ed 60 physics, chemistry / and developmental science 
college students to study. the relationship between the cognitive level - 
of students and their approaches and language Msed in solving an inclined 
plane prbblem. This researcher foun^ that, four types of responses were . 
found to the problem. TV© of the groups actively sought a generalo 
relationship among the variables and.wefe not content^ until they had 
•satisfied themselves about a relationship, Thes,e groups di-d show^ a 
difference in the language they used to explain the p'roblem; Griffiths'^ 
rated both ^groups as ^'formal." A third g^o^P willing^ to quit at 
any time and further experimentation seemed to confuse them* A fourtfe 
group was passive and resorted to ^the question: "\ihat else do you ^ 
want me to do?" This Research showed that the|^paradigms 'of science' 
exhibit the characteristics of Piaget's formal reasoning stage. One 
group (12 students) exliibited characteristics that showed readiness 
for the formal reasoning paradi^gm of science. Six students (the second 
group) could be raised quickly to the necessary level and "audio-visual 
materials, programmed instruction and other such "p^od^ures were useful 
with this student typo. The last two groups, yO'^per cent of the sample. 
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"present a totally different problem/' with the last group ^'discriminated 
against the aost." Much of the' educational technology of the' last few 
years has, been aimed at this group with possible counterproductive 
results. In general, "the efforts to meet the demands of the student^ 
may be detrimental^*' Griffiths believes that the products'. of fomial 
operational science cannot be indefinitely superimposed upon a nonformal 
cognitive structure. *When this was repeatedly done students,r^ejected 
physical inputs and retreated to their vocabulary: words i^ot fully 
understood." This type of situation can stop intellectual growth. So 
fo^about 70 perycent of Griffiths' Scfmple, scientific paradigms which 

"I'exhibit .the dynamic characteristics of Piaget^s formal stage" are 
probably harmful. This led Griffiths to conclude that "the focus of 
higher education must be shifted from literacy to cognition." - • * 

A project to prepare A3 high school students from the inner city 
for engineering led McKiftnon (,l^Qh to design and teach a two-hour per 
day laboratory experience in the logic of science. The students also 
experienced remedial reading, English, and mathematics . All of the 
43 stude4ats were well motivated toward an engineering career and came 
_ from the upper third of their high school graduating clausses. Twenty- 
eight of the A3 students reasoned with concrete operations and only ^, 
seven 'had reached the highest level of formal thought. Fortj per ^en^ 
of those students who v;ere concrete operational moved into higher l^velg 
of thought. (Comment : A remarkable accomplishment in a six-rweek 
period.) The logic-of-science laboratory. w^s successful 4n promoting 
formal reasoning among the sample ^of inner city students. 

Karplus (1A5) and his colleagues have been studying the relation of 
Piaget^s developmental, levels concept to stience teaching. A system 
which describes intellectual behavior which can be observed and which 
occurs during the concrete and formal reasoning stages has been develope 
and is explained here.. The finding^ of this group -of researchers have 
led to procedures which can be used to identify concrete and fonnal 
content concepts. If, for example, temperature is thought of as a 
reading on a thermoi;][eter or as warm or cold sensations, it is. a concrete 
concept'. If, however, temperature is defined as average molecular ^ 
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kinetic energy, it is a formal concept. This report explains how 
equilibrium, or self regulation, fits the intellectual development 
model and how reasoning patterns are encouraged by the use of the 
leamln^^ycle: exploration, ^oncept introduction, and concept appli- 
cation • ^ * 
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TeachiiTg Methods and ^^rocedures 

There is probably no research area in education that evokes as 
much criticism as does the area generally referred to as "methodology". 
Some ^ritics state, for exampj^, that genuine research in this area is 
Impossible because the "teach^j?^ariable" cannot' be controlled. If 
different teachers are used for two or more teaching methods, the 
critics take the position that the. "teacher variable", is uncontrolled • 
If 'the same person teaches different groups of students using a different 
technique with each group, those critical of this research area use as 
criticism the observation thatxno one person can 'perform in an junbiased 
manner with more than one teaching method; surely the teacher will have 
a "favorite" method which will bias the results of the research. 

Rega;rdless of the controversies surrounding research into the 
efficacy of the difJ^erent procedures used to teach science to l<^arners 
from kindergarten thrq^ugh 'twelfth grade, research in that ^rea continues 
year after year, and the effort made in 1976 was no exception. When the 
results af those efforts are studied, one is struck by their diversity. 
Beyond the classical experimental group-cont>:ol group design, the 
profession of science education does not s^em to subscribe to a reasonably 
Hefined paradigm or set of paradigms tp use in conducting jDr evaluating 
research in the general area of science teaching procedures. The fore- 

V 

going remarks are made nei1:her as evidence of strength of the ^profession 
nor as a negative criticism, but as an observationT, ' ^ 

, - t 

Research in the Methods and Procedures of Teaching Elementary School Science 

Much^of the Research effort in 1976 was aimed at studying. the \ ' 
eiffectiveness of using the inquiry teaching method, . Wal]^ (303) studieW 
^he effects that three different teacher education experiences in inquiry 
teaching had on the teacher's perception of the process o*f science and 
the ability of the upper elementary grade students of those teachers 
to use science inquiry skills. The teachers had been in: (1) an NSF- 
sponsored, four and one-half weeks. Science Leadership Program: (2) 
an inscrvkice program conducted by those in (1) ; or (3) teachers enrolled 
In a -graduate elementary science methods course. A control group 
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was also involved^ Teacher understanding of science processes was _ 
assessed by the Science Process Inventory (SPl).' The ability of the 
student to use science inquiry skills was • measured with the Test__of 
Science Inqui ry Skills (TSIS) . The students of summer workshop teachers, 
did not score significantly better on the TSiS than did the students 
of the control group teachers. J On the SPI, summer workshop teachers , 
scored s^.gnif icantly better than did the methods course and control 
teachers, but not significantly better than the inservice participants. 
Other comparisons made were* inconclusive. ^ . ^' 

V7orking in Anne Arundel County, Maryland, Tertitta *'(92> developed 
a pian for the infusion science processes into an existing unified 
science program. One of Fertitta's goals was to develop a plan flexible 
enough to be adaptfed to other science programs , The plan was cofhposed 
of three distinct parts, ^art; One led "^chers to find that there were 
seven areas where science processes could be utilized in their existing 
science program. Part Two represented points of contact among concepts, 
sub-^concepts and content objectives and compronent process skills. Part 
Three represented at least one. sample ac^tivity for each of the 113 
sub-concepts within the program. A total of 150 students from the 
program were evaluated and 54,7 percent of thera showed 20 percent gain 
in the ability to juse science process skills; percent gained 15 

percent or more in abiULty; 76 percent gained 10 percent or more and 86 
pc^rcent gained 5 percent or more. Guides titled Component Skills anJ 
Sample Activities were prepared^ Fertitta concluded that the prpcedur'es 
designed and used were effective in infusing the teaching of process 
skills into an existing Unified Science Program. 

• ^ Is single language instruction in science any more effective than 
bilingual instruction when working with bilingual students? Working iti 
New ^fexico under the auspices of the University of Washington, Juarez 
(141) gathered data from 104 "fifth grade children from four different 
schools. Those schools had used bilingual education for at least four 
years prior to the study. The students were randomly assigned to one 
of four treatment groups at each of the four schools and the teachers 
were trained in the use of the materials to be taught. The students'" 
achievement was first measured during t^je initial science instruction 



OT^ Again on the final 'set of science activities. In addition, student 
language^preferenCe (Spanish) and attitude toward science were also 
measured,/ The major finding of- the study Is that bilingual children 
Instructed in Spanish learned science content and process 'skills as 
well as 'blilngu^l children instructed in English, But neither group 
learned content and process skills as well as students Instructed 
blllngually in science actjivities presented in a subordlnaxe and super- 
ordinate order. In addition, bilingual children preferred instruction 
Sn the" two languages. 

The relationship between curiosity and attitude and mode O^f 
instruction (inquiry and non-inqul.ry) was investigated by Metz (193) • 
He used 200 third, fouxth, and fifth g'rade children in his study. 
The Classroom Observational Record (COR) was used to assist in the data 
collection after "pilot observation had been used to place teachers in 
Inquiry and rxon-inqulry categories. Metz assessed childrens* attitudes 
towards science 'by Oslng the non-verbal measure called Faces which is 
a part, of the .evaluation p^cka-ge of the Science Curriculum. Improvement, 
Stuciy. '^The fiuripsity of a child was detei:mlned by ,the number of non- 
repetitive ni^nlpulations mhcie and thfe' number of meaningful que^tiqiis 
asked. Th^^-results ,qf this ^study / although ^not statis.tltally signifi- 
cant, show a trend that suggests that children experiencing non-inquiry 
science become less and le«.s satisfied with the discipline. The results 
showing that a chi^d/^s. ourfosity is a function of t^ie teaching method 
used w6re highly significant; students of teachers using inquiry were 
found to 6e "much more curious than were studeiits of poprinquiry teachers 

Roger *T. Jotinson (136) also focused his "research on Inquiry "because 
he betleved theore' is a^ "strong relationship "between inquiry learning 
and '4 cooperative learning 'structure." His. study was designed to deter- 
mine .If Students involve.d* in an inquiry-based science program pe^rceived 
it as a cooperative or competitive goal structure. There were 108 sixth 
grade student's ^'Involved. Data were collected from thrqe teaching 

Itiia^lon^: ^1) a free inq-^jiry setting using the Batteries and Bulb s . 
unit of; the Elementary Science" Study^ (LO , (2)^ the "Electrons in Auction" 

linit f rbra -Conce^^ts In.^Scicncc and accompanying materials (TM) , and (3) 

« ^—5-^ ■ — 



and again on the final set of science activities-. In addition, student 
language preference (Spanish) and attitude toward science were also 
measured* The major finding of the study is that bilingual Aiildren ^ 
instructed in Spanish learned science content and process skills as 
well as bilingual children instructed in English, But* neither group 
learned content and process skills as welL as students instructed 
bilingual children instructed in English. But neithet group learned 
content and process skills as well as students instructed bilingually 
in science activities presented in a subordinate and superordinate order. 
In addition, bilingual children preferred instruction in the two languages. 

The relationship between curiosity and attitude and mode of « 
instruction ' (inquiry and non-inquiry) was investigated by Metz (193), 
He used 200 third, fourth, and fifth grade .children in his study. The 
Classroom Observational Record (COR) was used to assist in the data 
collection af-ter pilot observation had been used to place teachers in 
inquiry and- non-inquiry categories. Metz assessed childrens' at titudes 
towards science by using the non-verbal measure ^called Faces which is 
a part of the evaluation package oP the Science Curriculum Improvement 
S.tudy, The curiosity of a child was determined by the number of non^ 
repetitive manipulations made and the number o^ meaningful questions 
asked! The 'results of this study, although not statistically significant, 
show a trend that suggests that children "feiperiencirig non-inquiry 
science become less and less satisfied with the discipline. The results 
showing that a child's curiosity is a function of the teaching method 
used were%ighly significant; students* of teachers using inquiry were 
''found to be much more curious than were students of non-ijnquiry teachers. 

Roger T.. Johnson (136) also focused his research on Inquiry because 
he believed there is a ''strong relationship between inquiry learning 
and a cooperative learning structure." His study was designed to 
determine if students involved in an inquiry-based science .program per- 
ceived it as a cooperative or competitive goal structure. There were 
108^fSixth-grade -Students involved^. Oata were collected from three teaching 
situations: (1) a free inquiry setting using th? Batteries and Bulbs 
unit of the Elementary* Science Study (L) , (2)^ the "Electrons in Action" 
unit froth Concepts in Science and accompanying materials (TM) , and (3) 
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the "Electrons in Action" unit without the materials CX) , The same* 
teacher taught all groups, A six-week instructional period was used 
during which the classes met for 50 minutes, daily * ^During the last 
week of the experiment, lA students* per treatment group Ca totar of 42 
student^.) were randomly selected for individual -interviews , The 
studeats were shown four pairs of photographs depicting an aspect 
of cooperative or ' competitive classroom stiructure and two or three 
sentences describing each of the pictured situations. The photographs 
dealt with a general school atmosphere as well as with a science class. 
The intent was to focus attention on the cooperativeness or competitive- 

9 

ness of each picture and to compare that decision to his/her own classroom. 
There were no differences in the manner in which the general school , 
atmosphere was perceived. Less than one-foiyrth C24 percent) perceived 
^he school as cooperative and only 14 percent perceived division of labor 
as part of the school.. One hundred percent of the students in the 
inquiry group CL) perceived a cooperative goal structure, 86 percent of ^ 
the TM group perceived a cooperative structure, and 50 percent of the 
T-group perceived a cooperative *goal structure. The differences were 
significant. One hundred percent of the L-group perceived themselves 
as^ working with materials and 100 percent of them preferred it. In 
the T-group, 93 percent indicated a preference for working with materials 
and many recognized that they were not. In the TM-group, 93 percent 
recognized they were working with materials and 100 percent preferred 
it that way. _ One hundred percent of the L and TM group and 93 percent 
of the T~group preferred cooperation to competition, Johnson concluded 
that the data supported the hypothesis that "inquiry-oriented sciende 
classes were perceived by students to be more cooperative than the text- 
book classes." Furthermore, all thtee groups preferred cooperation, 

■5 
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What relationships are there between the average ability level (as 
measureci by the IQ score) and class size ,and the teaching strategies a 
teacher employs? Yeany^ (325) used videotape and collected data from a 
random sample of 64 student teachers in grades three through six. The 
videotapes were analyzed for level of teaching strategy by "two trained 
raters" who were using the Teaching Strategies Observational Differential 
(TSOD),' The Elementary Science Activities Checklist (ESAC) was used to 



• . 23 

* ■? 

collect data on how the students in those elemental science classrooms 
perceived the teaching strategics being. used, Y^any^s results were not 
statistically significant, but the "trend seems to be toward morqr direct 
teaching as class size increases^,/* The results involving class ability 
were also nonsignificant • 

Using the Instructional Practices Questionnaire CiPQ), Patterson 
(221) classified 17 fifth-grade teachers as high-individualized or 
low-individualized instructors. The students of those teachers completed 
the Bristol Study Skills instrument (which Patterson called "a science 
cognitive instrument^O and questionnaire which was designed to "validate 
teacher responses on the IPQ." "fhe Bristol instrument contains five 
subtests; properties, structures, processes, explanations, and inter- 
pretations. Patterson investigated' how a classroom rated as high or 
low individualized by the IPQ was related to the achievement of sciences- 
related cognitive skills by the children. He found that those class- 
rooms rated as high in the individualized instructional^ situation produced 
students who ranked highest dn science-related cognitive skills, , * 

Teacl^er behavior patterns in the elementary science classroom was 
the focus of research done. by Penick, Shymansky, Matthews, and Good (225), 
These researchers defined two contrasting teaching stxategies, which were 
labeled "teacher-structured learning in §cience" (TSLS) and ^'student- * 
stiructured learniing in science' (SSLS) . The difference in 'the two strategies 
rested in the amount of directivcness used by the t/5acher in an activity- 
centered science classroom. In oth^r words, the research centered upon 
how student classroom behavior was influenced by teacher behavior. TfH^. 
population was composed of 250 students and eight teachers — two teachers 
and classes in grades one through three and one class and pne teacher 
for grades four and five. Fifty students from each grade level were 
randomly assigned to the SSLS or the TSLS ^treatment; sex and race were 
equalizing restrictions. The ."Teacher Bcha>aor" and "Student Behavior" 
sections of the Science Curriculum Assessment System (SCAS) Classroom 
Interaction Catcp.ories were used to collect student and teacher data. 
The SSLS classroom produced fewer pa,t terns containing non-lesson-related 
behavior and greater clustering pattjt>rns which resulted in a more 
predictable set of behaviors than in the TSLS classroom. Pcrhap's " 
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providing directions and other restrictive behaviors .provided the less- 
than-conforming student with a mo^re relaxed and less anxiety-ridden 
frame of mind. These researchers concluded "materials, activities, and 
curricula, in general, cannot be made ^teacher proof V Teachers need 
to be aware that their behavior patt*erns greatly influence the educational 

* V 

outcomes of a classroom, 

Perlick (224) extended the study of the SSLS and TSLS plassroom 
strategies to grpwth in creativity and used the torrance Tests of Creative 
Thinking CTTCT) to measure that attribute. The population used was 51 
fifth grade students » He found that there were no differences in the 
verbal creativity data from students who experienced the two teaching 
strategies but that the figural composite score on the TTCT demonstrated 
that the SSLS gtoup scored significantly higher than did the TSLS 
classes. 

Few teachers would believe that teacher behaviors convey the same 
message to all children in that class. There is evidence that dyadic 
Interactions ^re useful in the classroom. Shymansky C2681 studied the 
relationship between certain aspects of one-to-one interaction between 
a teacher and a student in an activity-centered classroom and that student 
behavior during the remainder of the lesson. The time of the inteiTaction 
and whether it was verbal or non-verbal and the student '3 classroom 
behavior were the specific variables studied. During a five-vjeek * 
period, 78 student observations were made in fifth grade science using 
the "Student Behaviors" portion of the Science Curriculum Assessment 
System (SCAS) Classroom Interaction Categories , the data collected 
suggest that lengthy dyadic interaction between student and teacher may 
reduce productivity and learning effectiveness .and be thought of as 
Interference by the student. Some teacher-student interaction is 
needed but the teacher and the materials combine ,to provide the learning 
environment . 

Using the evaluation mateiNials prepared by the Science Curriculum 
Improvement Study (SCIS) — with some modification — to measure achievement 
in twenty third grade classes, Norris (211) compared the effects of 
Individualizing the Interactions and Systems unit of the SCIS, The SICS , 

i Or 



material had been alapted for the individualized learning system and was 
entitled Science Curriculum for Individualized Learning CSCIL) . Norris 
used the pretest, posttest, post-post-test design. There were no 
differences in achievement betweeh the SCIS and the SCIL groups on the 
post-test but the SCIL group scored significantly higher on the post- 
post-test. Norris also studied the students^ attitudes toward science 
and scl^c^ class using a survey instrument entitled "How I Feel About 
School* and Science"; that instrument has five different scale factors. 
The results between the SCI^ and the SCIL groups were mixed; one feroup 
excelling on some scales and the other group excelling on other scales. 

6 

Sixth grade students in Winona, Minnesota, were the population Fick 
C93) used to study the acquisition of non-verbal cognitive abilities 
and productive thinking skills when experiencing the ESS units Tangr^ms 
and Geo Blocks . An experimental and control group design which utilized 
a post-test was employed. The instruments used were the Verbal Form A ' 
and Figural Form A of the Torrance Test of Creative Thinking and the * 
Thomdike-Hagen Nonverbal Cognitive Abilities Test . The experimental 
group scored significantly better than did the control group at the 0.02 
level on non-verbal cognitive abilities: beyond Xhe 0.01 level on 
verbal fluency, at the 0.02 level on verbal flexibility, at the 0.20 
level on verbal originality, and at the 0.001 level on figural flexibility, 
figural originality, and on the composite scores of all divergent thinking* 
tests, ' • ' ^ 

Nelson and Abraham (210) believe that the post-laboratory discussion 
is being overlooked by many teachers of el^entary school science. 
Furthermore, these researchers believe .that the accommodation of mental 
structures — according to* the Piaget model — can result from aa effective 
post-'laboratory experience. The teacher can, accorcj^g to these investi- 
gators, use the laboratory exper^^^nces to move the students toward the 
symbolic mode of thought using what is called a probing strategy. A 
probing strategy is opposed to a teaching procetlure which asks for student 
observations and then accepts or rejects tho^ data on some notion of 
correctness. Nelson and Abraham studied the effect of the two strategies 
on student "increase in observation, inference, verification, and classifi- 
cation, the sixth grade population of an inner city and a suburb were 
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used, a total of 116 students,- The Classroom Obser,vatlonal Record (COR)^ 
and the Inquiry^ Skills ^Measure (ISM) Were .used to gather data, The ISM 
was used in a pretest ,^j)osttest manne^, Th^ investigators issue several 
precautions regarding the generalizabili tjf of their 'findings but cau- 
tiously conclude that to increase the quantity and qqality of inferences, 



the probing strategy is^bett^r tljan a non-probing strategy. Furthermore,, 
a probing stra^tegy increases the quantity of observation paade in an 
urban school but the non-probing strategy is better in .an^urban school* 



Research in the Methods and Procedures of Teachnig Secondary School Science, * 

^Mosley and Bell (201) report a study ^undertaken to examine the 
influence of objective statement spcyrif icity on student: learning resulting . 
from the independent laboratory-based Physical Science Investigation 
Program, The study involved three teachers and 138 eighth grade Regents 
students from six intact classes. Each teacher taught One section using 
specific behavioral objectives and one using non-specific objectives. ^ - 
In both treatments, objective statements were presented prior to the 
Instruction of the. given unit, A non-randomized control group, pre- 
posttest design was used. Pretest scores showed no significant differences 
between classes. Two-way analyses of variance of the posttest generated 
F-values thaf were not significant for the, teacher and interaction 
source of variance. The treatin^nt effects were significant Cp<\05), 
Higher means were obtained by the groups provided with the specific 
behavior objectives. ILa post-hoc questionnaire indicated student perception 
of the use of behavlpral* objectives as being helpful generally, helpful 
In achieving higher grades, and helpful in providing guidance .through 
the unit* 

How do the forms of questi<^ning techniques teachers use influence 
student cognitive achievement and retention in juniqr high school science? 
Guthrie (112) id^entified two distinct questioning strategies: Type I 
questions were those formed primarily in the third person and therefore 

treated the student as an outsider and solver of the problem posed. 

/ 

Type II questions were those which were designed to place the student 
right at the focus of the problem and to convince the student he/she, , 



\ 



70 



I 



ERIC 



\ • . 27 

should assume the responsibility of responding to the question from 
"quasi-experience base/' Guthrie utilized an experimental group' 
control grotiP design. Uslilg Type I questions, however, did not signifi- 
cantly improve, student achievement or retention of subject matter, 
Increase the percentage stUdent-talk versus teacher-talk Cwhen compared 
to earlier stud,ies of Fland^ers and others), nor did Type I questions 
significantly increase the length of. student responses. 

Carlsoa (^8) evaluated an individualized contract-directed high 
school chemistry course and] compared that evaluation with a group- 
instructed, teacher-directed course. He found no significant differences 
between scores on cognitive measures or affective measures^^ course 
preference, attitudes toward science or toward a specific class, or self • 
actualization. After one academic year, a statistically significant ^ 
treatment difference favoring students in the group-instructed , teacher- 
directed classes were found on an investigator-designed, summative, 
*criterion-inf erehced examination. After the same perjLod middle^ academic 
ability students from the individualized treatment produced higher scored 
on the Tennessee Self-Concept Scale . " 

Teacher-directed instruction where the students progressed together* 
through a prescribed sequence of concepts with access to a set of behavioral - 
objectives was compared to the technique of letting the st^iAMit ^progress 
through the same set of concepts in his own time (self-pac$d) with access 
to the same set of behavioral objectives by Ritter C249) , The materials 
used in instruction were BSCS Biology: Molecules to Man ^ Ritter found 
no significant differences between the groups in short-term, mid-term, 
or long-term achievement not* did he find any significant differences , 
between the groups in long-term process ^kill improvement. 

Monaco and Szabo (197) evaluated the team approach for teaching biology. 
A sample of 147 sopholhore students , was divided into six 'sections ; each 
section was randomly assigned as cpntrol or treatment. The team consisted 
of three instructors. Each member taught^ a control group for an entire 
year* After an introductory session of nine weeks, team members began 
teaching their specialty (botany, genetics, or microbiology) . Students 
in the treatment groups worked with a different team instructor each, 
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for nine weeks. \^The criteria used in this stydy. consisted of T-scores. 

from five separate objective tests. The experimental design w^s a 

2x3x5 factorial analysis of var4.£ince with intact class secti)^s randomly 

assigned to experimental or control groups. Variables' includsid^ two_ 

gr(^ups, three instructors , and five content areas. Among the conclusions 

were that academic biology students acquired more biology, suBject matter^ 

knowledge when they werfe instructed by ,a team rather than by an individual 

Instructor and that ^ere were significant differences among each of the 

Instructors relative to student? achievement in biology . . 

Rlban (246) distinguishes a field study from a field trip. According 

to Riban, a field expedition is of at least a few days in duration whereas 

a field trip is one or mor.e periods on the same day. Sixteen junior 

high school^students participated in a multi-day field study in the 

Grand Canyon in Arizona. A total of 85 items with geologic emphasis ' 

were selected fifom the preliminary tests of thfe Earth Science Qurriculum 

Project and completed by the field study. Later the test' was administered 

tOif''^ group of advanced students of science from the same school' who had 

not participated in the fieId?work." Neither the fi^ld^tudies|^roup 

nor the comparison group had completed courses in the earth sciences. 

Riban states that the leai^ning displayed by the field study group 

"excelled any reasonable expectations,/' The achievement of thd. field 

study group was "completely superior to that of the comparison group of* • 

sclence-prone s^Slents." 'Some statistical data are offered that sub- 
♦ ■ I . ^ 

stantiate Ribaii^ claim. , 

Mayfield (185) studied °the factors which affect rationality in a 
group solution to a problenff Sixty 11th and 12th graders were divided 
Into groups of five and given the N/TSA "moon survival" problem. After 
participating in the group situation,, each group member completed! Bales' 
Interpersonal Rating Form A ^ (revised). Mayfield cautions about, the 
generalizability of his findings, but 3Cveral^are worth noting in relation 
to outcbmes from group work. >fost individuals' Solution^ x;ere not as ^ 
correct as later decisions made by tlice entire .group, and an individual's 
second solution tended toward the grpup's^ solution. At some point in the 
session a'fter some useful- and some useless items had^been id<^tif fed, 
the group devalued the problem and the remaining decisions were s^en as 
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unimportant. Mayfield found tfeat there^were four primary factors which 
'contributed to non-rational decisions* being made. Those factors were 
concession, force, rules-of-^umb, and emotion. 

One hundred and six chemistry students from eight classes, and 
involving four teachers, were the subjects Abraham (2^. -used to study ^ ^ 
grouping as an instructional methodology. Specifically Abraham studied ^ 
whether or not grouping by divergent thimking potential influences the 
amount and kind of student verbal interaction during a science inc^uiry. 
Divergent thinking potenrtial was operationally determined by each student ^s 
composite scjC^r.e on the verbal portion of the Torrance Tests of Creative 
Thinking (TTCf^ . Those scores were then used to form ho^^eneous and 
heterogeneous gV^oups . ..^ience inquiry was used to stimulate the formula- 
tion of hypotheses and the design of experiments. The students were 
told they wei:e in an experiment to see how they went about*" solving science 
problems. A film was then shown to the students and they vf^re given 
two ^^s.tions to discuss. Abraham summarized the results of this study 
as 'meaning that there was an interaction between grouping and divergent , 
thinking potential; and that interaction showed a trend which favored 
medium divergent-thinking persons in homogeneous groups and high di'vergent- 
thinking persons in heterogeneous gro^lps^ When the mean number of 
statements made by persons in both homogeneous and heterogeneous* groups 
Vho have , high*, medium and high divergent * thinking potential is con^- . . 
sidered, homogeneous grouping is aQ effective way of encouraging greater 
amounts of verbal interaction. 

Bates and Watson (19) investigated ^hether the intera^ction af^ teacher, 
student, and classroom characteristics had a significant effect on 
classroom climate. Linear regression techniques were *used to predict 
selected Scales of '^Anderson's Learning Environment Inventory" ' (LEI) 
from sets of orthogonal variables which tJere representative characteristics 
of the teacher} student group, and class structure. Eight scales 
accounted for 21 percent, to 63 percent of the variance for the model 
group of 72 classes. Data for the -study ^were drawn from the Harvard 
Project Physics Summative Evaluation Data Bank which- represents a true 
national random saitT^e of 5A physics teachers with 3085 students in 103 
classes. One of the observations of the^e, investigators relates to the 



disttibution of the sexes within classes. Classes with a relatively 
high proportion of females and a climate that was more 'democratic and 
intimate and contained less friction and apathy^ The students in those 
classes were evaluated as being more satisfied than in classes where the 
proportioTv of females dropped. These investigators ask whether or not 
women are attracted to, or produce ^ that typ^ of environment. 

Which combination of lecture, discussion or, direct-indirect teaching 

produces optimum student growth? Markell^ and Mayer (177) used 19 

teachers, all of v7hom were participating in an NSF-supported College 

School Cooperative Science Earth Science Prog]^am, and 18 classes to 

t> • 

gather data to answer that question. Actually this study involved the 
search for statistically significant linear and curvilinear (optimal) 
relationships between assessed student perceptions about classroom 
instructional procedures and pre-posttest changes in students' under- 
standing of science concepts, attitudes toward science, and development 
of interests In science. The 19 teachers and 38, science classes, involved 
in tlie study al6o participated in a. research plan that included the 

r 

administration of several instruments in a pre-posttest design during 
the academic year. Data were collected using; (1) concept-process 
.tests, (2) the Science Classroom Checklist (SCACL), (3) the Silance and 
Remmers In*terest Scale, and (4), an instrument to measure student atti- 
tudes toward science and scientists (BATSS) . For this study, the 
Instructional ^€tivities Instrument , was developed, p^iloted, and 
administered near the end of the year* A direct/indirect score on this 
instrument was compared to corresponding pre-posttest change scores 
as measured by the other four instruments. A linear relationship was 
found between student attitude toward science as a subject and teacher 
direct^-indirectness. Certain instructional methods were found to lose 
favor with stude^nts if frequently* used. 

I 

A learner's attitude toward what- is being studied *c|nd Vds/her 
anxiety about the course, teacher, peejs and/or examinations a^e 
certainly factors in influencing the amount, and\ kinds of learning which 
will be accomplished in any class. Two studies ^reported during 
ad'dressed themselves to the general areas of attitudes arrd anxieties 



ociated with different te'aching methods in secondary school biology, 
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Clay (57) investigated attitudes toward education, critical thinking 
ability and specific affective behavior. She compared students vho 
had studied the BSCS environmental module "Investigating Your Environment 
(lYE), those students using one of the BSCS BioJ.'ogical Sciences version 
and those studying Mod'em Biology. The sample of. students came from 32 
high school classes throughout the United States, Sixteen classes were 
involved with the lYE and sixteen classes received the other two instruc- 
tional metjiods. The lYE treatment enrolled 355 students, and 375 
students received the other two treatments. Instrumentation consisted 
of the Attitude Toward Education Survey ; Com'ell Critical Thinking Test , 
Level X; and the Biology Students Behavioral Inventory , Foxrm C, Clay 
found that the ability of students who had experienced BSCS Biological 
Science was significantly increased but no other differences were found 
among the students on any of the other variables, 

/ 

The design and formative evaluation of a two-weeks minicourse 
dealing with the biochemical, physiological, and psychological aspects 
of emotional stress was completed by Betkouski (26). A total of 431 
secondary biology students from four different schools (six different 
teachers) were the subjects for the experiment and were randomly divided 
among three treatments — A, B, and Control* Treatment A consisted of the 
two-week minicourse followed by a four-day session on coping with test 
anxiety Ca modified version of Coping With Test^^Artxiety : A Guide , was 
used). Treatment B consisted of the coping-with-test-anxiety component 
only. The two treatment' groups and the control took a series of pre- 
tests consisting of the A-State scale of the State-Trait' Anxiety 
Inventory (STAI-Form X) and the Test Anxiety- Scale (TAS) prior to a 
teacher-constfucted test administered before the treatments began. 
An^ achievement test covering the material in the minicourse was al6o 
givanias a pretest. The posttests, consisting of the same instruments, 
was adnjinistered at the conclusion of the treatments; and the STAI and 
TAS were given prior to a teacher-constructed test six to nine weeks 
after the treatments concluded. The research sought: differences in 
the anxiety levels and knowledge levels among the groups. No significant 
differences in anxiety levels were detected. Significant differences in 
knowledge levels measured by means of , the achievement test were found: 
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Group A scores were significantly higher than both Group B an^ Control 
scores;. Group B scores were significantly higher than the tJontrol scores. 

During the last few years the type of methodological procedures 
usable with the mentally handicapped ^has, in general, received univeifsal 
attention. What methodcriSgical procedures in science are eff^tive with 
this particular group of. learners is also receiving consideration. 
Bacon (16) used the BSCS curriculum Me Now to study the achievement and 
retention when that material -was taught by "a deductive method and a 
discovery method." Bacon used the BSCS objective test accompanying the'^ 
Me Now units, monitored teacher behavior with the Science Curriculum 
Assessment System , studied the reading abilities of the students, and 
tested the interaction effect of reading ability and treatment t .He 
found no significant differences. 

Teaching methodology to use with the educationally disadvantaged 
student also has received special attention recently. Kahle, Nordland, 
and Douglass (142) studied four teaching procedures — timed audio-tutored, 
self-paced ^audio-tutored, a traditional classroom procedure with study 
guides, and a traditional classroom approach with visual aids as teaching * \^ 

procedures. The first-year biology students of these teachers in an 
urban high school constituted the 160--member sample which was divided 
into six treatment groups. The age range of the sample was 14 years to 
18+ years. The treatments were ccg:iducted over a six-week period. .The 
groups were judged as equivalent at the start of the experiment. Self- 
graded, miltiple-choice, formative tests were used throughout the study. 
A pretest with an equivalent form of posttest was also used. A s^nifi- 
cant difference in achievement was found in favor of the sel'f-p^ced 
audio-tutored group* 

Kahle, Douglass and Nordland (143) also analyzed learner efficiency 
when individualized and group-instructional teaching procedures were 
utilized with disadvantaged students. ^'Learning .efficiency" was defined 
as achievement point gain per classroom minute.' The subjects, procedures, 
and treatments described. in the previous study were used in this study. 
The concluj^ion was drawn that learning efficiency "as described by net 
gain mean/total time mean, is increased by an 'individualized instructional 
system." ^ ^ 

33 ^ 
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^ The separation of the teax:hing methodology employed in a classroo 
and the materials used is often artificial. Most certainly materials 
can be designed around specific teaching procedures which will lead to 
the achievement of specific goals. Coleman f 61) designed a non-simulation 
game technique, Genetico , to assist students 'in the study of genetics?^ 
After testing and evaluating Genetico , Coleman concluded that significant 
cogn^ive learning resulted from its use, and that 'race and scholastic 
achievement **predicted cognitive achievement for the s^tudy^^^pulation . " 
Genetico did not, however, influence attendance and punctuality. Johnson 
(137) Undertook the development of materials^^hich^'would promote and 
permit investigation of problem/-*^cognition and subsequent research 

questioning ability among students. A system named L.earning to Ask 

^ • v!: 
Research Questions (LARQ) went through four developmental phases X The 

experiii\ental population was tenth grade liol ogy students. Johnsoif^ 

concluded that LARQ is a useful tool for developing and investigating 

research questioning skills in students, taxonomic questioning is easier 

for students than cause-effect inquiry, relationships between pairs of 

skills is hierarchial in nature, and the students developed a questioning ' 

•strategy in the course of several lessons. 




Askham (12) designed and carried out a study, to find out if nine- 
to-twelve-year~old children classify plants growing in a seminatural - ^ 
environment the same way they group non-natural objects in assroom • 
setting. He found t^t this ag^ group used more varied and C(^mplex 
strategies to classify the plants than to classify the non-natural 
objects. In fact, says Askham, children using more and more complex 
classification categories suggests that there are "many latent classifi- 
cation schemes as yet unassessed/* Since this increase in classification 
and its complexity was motivated' by using natural objects (plants) in 
a seminatural environment, "further research should be moved out of the 

classroom or lah^Dratory and into a more natural setting," and non-natural 

/-/ 

objects should be replaced with natural objects. 

When reviewing- the thirty research studies included in this section, 
one is struck with the many problems inherent in studying teaching 
methodology. Some of those problems are beyond the control of the science 
education researcher and he/ she can, - at best, only attempt to control 

4 
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such ^varlables and, at least, recognize that fhey exist* There is, 
liowever, one variable that is evaluated so differently in methodological 
research studies that comparison of those studies or attemptin^^pf apply 
the research results in a setting different from that of the original 
researcher is difficult, if not impossible. The variable being referred 
to Is student achievement with respect to content. In the research 
just reviewed that variable was defined as everything from the, appli- 
cation of methods of stating a research question to how many achievement 
points a student gained *per minute. 

There are those who believe that an entire spectrum of meanings of 
such a variable as achievement is acceptable and healthy for a research 
area. Possibly thali' position is true." But the fact that there is such 
great variability in the meaning of achievement in the profession i^eflects 
we believe', the lack of a common theory base for the practice of and 
research in the profession of science education. We recognize that the 
establishment of one or more theory bases for science education is an 
undertaking of monumental propojt^ions and will require a great deal of 
time. VJe believe however, that if science education is .to continue 
.as a viable research area, that undertaking must be started. In the 
Interim, each researcher can ;nake a significant contribution to the 
profession if he/she will carefully define how student achievement with 
respect to content is being viewed. . ' ^ • 
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The Education of Teachers 

Perhaps no topic in the field of education evokes more divergent 
opinion than the general area^of teacher education. The laws governing 
teacher certification range from absolute prescription of specific 
courses in som^ states to a general statement in other states of the 
number of hours of college credit required. The types of educational 
experiences a kindergarten teacher must have are generally prescribed 
by law but the law is silent about what types of educational experiences 
the persons teaching future kindergarten teachers will have. had. 

Has research been helpful in resolving the problems inherent in th^ 
area of teacher education? In general, the answer to that questi-on is 
probably "no," but research in the past has certainly been helpful in 
isolating specific problems in need of solution, providing data for 
particular questions involved in the general teacher-education picture, 
and suggesting improved ways of accomplishing specific objectives in the 
field. A summary of the research published in the area of science teachei 
education during 1976 is reviewed in this chapter. The review is divided 
into four general categories: elementary school teacher education, 
secondary school teacher education, research concerning teacher education 
from kindergarten through ^ade twelve, and research into Inservice 
education, ^ 

Research in Elementary School Science Teacher Education 

The profession of education has generally agreed that both preservice 
and inservice education are necessary in teacher education^ Which of 
those experiences is more effective? Does one stage in "a teacher's 
career make that person more amenable to change than another? Stephans^ 
(278) compared the influence of a natural science course on preservice 
and Inservice elementary teachers and on inservice primary and inter- 
mediate teachers with respect to their agreement with the philosophy 
to teaching science »of the Elementary Science Study (ESS).. He used 
29 preservice and 32 inservice teachers. The eight-week treatment — two 
hours and fifteen minutes each week — consisted of activities from ESS 
^terials presented as the developers intei^ded them to be used with 
chlldrep. The subjects were evaluated by responding to a series of 
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multiple-choice, behavioral items, each presenting a teaching situation. 
Stephans found that the instruction did not prodOce any significant 
differences in agreement with the ESS philosophy^ between preservice and 
Inservice teachers. He did find, however, that with the inservice group 
the treatment had a greater influence on the intermediate teachers than 
on the primary teachers* 

Cotten and Evans (68) used an experimental group of 70 elementary 
teachers and a control group ©f 32 to study whether having teachers 
perform .inquiry-investigative activities with a written model would 
lead to greater facility with process skills than could be expected from 
elementary school teachers who did not perform the inquiry-investigative 
activities. The treatment required a minimum of^ seven w'eeks • The 
process skills considered were observing, measuring, communicating, ' 
classifying, prediction, inferring identifying variables, and controlling 
variables.. A 17-question, 75-item proceas skill instrument was developed 
and used in a pretest,, posttest design. - The investigators concluded 
^ that '^the two groups can he considered equivalent* prior to the experimental 
treatment.** The experimental group showed statistically significant 
performances in obse^-ving, classifying, predicting, identifying variables 
and conp^lling variables. In addition, the experimental g^9up signifi-- 
caivpiy outgained the control S.roup in inferring* These researchers 
used a subsample of sixteei^^ f rom the experimental group^, and, using the 
Instrument for the Analyais of Science Teaching , Version 2, found that 
the ratio of closed teacher questions to open teacher questions was 
significantly -rcclUced. The percentage of continuous teacher lecture 
was also significantly reduced. Students of 'these teachers .exhibited 
a signif icantly'more positive attitude toward science instruction, and 
engaged in significantly mpre nonverbal activities and peer intetactions^ 

Three procedures designed to encourage and educate preservice. * 
elementary teachers in the use of inductive/indirect strategies in 
teaching science were evaluated, by Yeany (^24). Procedure One, Strategy 
Analysis Level, consisted of educating futute teachers in science teaching 
^ strategy analysis using the Teaching Strategies * Observation Differential 
(TSOD)* In the second procedure. Modeling Level, the subjects viewed 
video-tapes of model science lessons which ul|ed inductive/indirect? 
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teaching strategies. A third t-reatment group received a combination of 
^the first two treatments and a control group view'ed films neutral to 
the treatments. The TSOD and the Elementary Science Activities Attitude 
Sort were used to collect data* The Combination group adopted a more • 
Inductive/indirect teaching style than did the control group. Evidence 
Is supplied which shows that activities that will "significantly, and 
positively affect the science teaching style and atti-tude of pre-service 
elementary teachers can be designed." ' 

^ Yeany (323) also designed a study to assess the effects of three 
treatment levels involving microteachlng with videotape playback and 
strategy analyses on the teaching strategies selected by secondary 
science, teaching methods students. Three groups of ten 'students each 
were randomly assigned to three treatnTent levels. All subjects taught . 
a pretreatment and a post treatment^ peer group lesson; both were video- 
taped. Each student viewed his own pjrelesson, and before the taping of 
the pqstlesson, the following instructions were given: group 1 - no 
Instruction (control) ; group 2 - instruction in how to use the Teaching 
Strategies Observation Differential (TSOD) to assess the prelesson; 
group 3 - same as ^ group 2 plus the requirement that a tape-viewing . 
session with the instructor of the course be carried out. Trained 
raters used the TSOD to analyze the' postlessons for the degree of direct- 
ness/indirectness exhibited by each subject in their teaching style 
after treatment. Using ANCOVA, significant differences were found 
between group 3 and group 1 and between group 2 and group 3, indicating 
a cumulative effect of the treatment procedures. Yeany suggests that 
perhaps this research shows that while there may be certain advantages 
to individualized, or self paced teacher education programs, opportunities 
for the student to interact with the ^professor are important. 

The elementary school science "methods course" is usually a college 
experience had by preservice teachers. A great deal is exp^ected of the 
.^'methods course." The instructor is expected to combine the students^ 
prior courses in educational philosophy, pedagogy and science — not 
Infrequently very traditional "show-and-tell" science courses — and lead 
them to develop a thorough understanding of how to teach science 'and a 
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procedure for doing so. The number of semester hours devoted to this, 
undertaking is not infrequently less than three. Seldom is so much 
output expected from so little input. Perhaps for the foregoing reasons 
the elementary school service methods course has attracted researchers 
In science education for some time. The r*esearch published in 1976 
was no exception. 

Barufaldi, Huntsberger and Lazarowitz^ (18) designed and carried 
Out a study '^'to investigate changes in attitude of pre-service. elementary 
education majors towardWnquiry teaching strategies," The "methods 
course" furnished the subjects for the study; 146 students were involved, 
The subjects, however, had elected to study the "methods course." The 
subject matter of the course was the "content, methodology, and processes 
of science that are employed in the teaching of a modern course in ele-- 
mentary school science." A modified form of 'the Inquiry Science 
Teaching Strategies (ISTS) was used to measure each subject ^s attitude 
toward 'inquiry teaching. The students were pretested ^Cthe first day of 
class) and posttested (the last day of clas^)v The remits demonstrated 
that a significant, change in attitude toward inquiry t*eaching took 
place between the :two administrations of, the ISTS. 

A total of 2A6 students was used by Shrigley C267) to establish 
the reliability of an instrument to measurq the effectiveness of the 
instructor of the "methods course," The coefficient alpha index of 
reliability was 0.83. Shrigley then' surveyed 286 third-year elementary 
education students enrolled in science methods courses at four midwestern 
teacher-education institutions. The data demonstrated that if a science 
methods course instructor is to have high credibility with college stu- 
dents he/she: (1) referred to practical teaching activities in class, 
C2) had taught .science to children, (3) assumed responsibility for 
teaching science content, (A) mod^ed teaching modes similar to those 
proposed for children, (5) assisted science professors in designing ^ 
science content courses, (6) counseled student teachers^ and (7) 
assisted inscrvice teachers. Authoring science textbooks or science 
methods textbooks and being involved in research did not add to the 
instructor's credibility with college- students. 
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Eighty-two elementary education majors constituted the group 
Strawitz (280) used to assess au undergraduate science methods ^course. 
The subjects involved in the study were 82 elementary education majors 
at Louisiana State University. Students not in the course^served as 
^ ^°^^^yf°^ group. The treatment group particip^ed in science activities 
selected 'from ESS, SCIS, 2hd SAPA materials. Students were- encouraged 

"'^i^jdevelop individual teaching styles, consider feedback from the 
instructors and peers, and formulate their own concepts about teaching 
strategies and roles appropriate for the teaching of elementary school 
science. The control grpup discussed topics such as planning f^r 
effective teaching, individualizing instruction, and evaluati^^ Scores 
on an attitude inventory were used as a ^remeasure as well as a post- - ► 
measure. Scores on Form E of the Rokeach Dogmatism Scale were used as ^ 
a measure of the belief systetas of the students. The dependent variable 
was teacher attitude; the independent variables were method of instr:uctlon 
and teacher dogmatism. Findings suggested that the instructional method ^ 
was very effective in changing the attitudes about teaching science/ 
It was noted that these changes due to the treatment were for the most 

^ part unrelated to the belief systems of thd students. 

Utilizing a "methods ,course" which had a strong field component. 
Piper C229) studied the changes in atDitudes of the students and the 
cooperating teachers.. Thirty-six students enrolled in an elementary 
science methods course were ^randomly selected and given an instrument 
using Osgood's Semitic differential approach the first week of class, 
the sixth week on campus prior to field experiences and the thirteenth - 
*ii,week following field experiences. The elementary teachers who had 
observed the university students teaching in their' classrooms were 
given the semantic differential prior to the students^ teaching and 
following the students^ teachilfig in their classrooms. Five factors 
'Were used to test the change in attitudes: (1) Science in High School; 
C2) Science as Remembefed in Elementary School; (3) Science Methods 
Course; (4) Stiience in the News; and (5) Teaching Science to Children. 
At the end of five weeks of on-^campus activities, the university 
students changed their attitudes i^ a pegatiVe direction toward (1) 
and (2), gut in a positive direction toward (3) and ) . Following the 




reality experiences with children .in the field, attitudes toward (3) 
and (5) were even more posit\ive than •prior to field experiences • The 
attitudes of classroom teachers who had university students teach ^ 
science activities in their classrooms also changed in a negative direction 
toward Xl) and in a positive direction toward (5),. 

• The elementary school science "methods course" is used for many 
things.' Bluhm and Hungerford (33) found that using the "methods course" 
as their instructional vehicle could make a statistically significant 
♦ improvement in students' ability to define environmental education and 

in their acquisition of concepts concerning ecology. The research was 
conducted using a pretest-posttest design. The investigators developed 
their own evaluation instruments. These researchers believe that the 
instructional model used appeared to influence significantly under- 
^ graduates perceptions concerning the definition of environmental 
education. 

The Teacher Corps was designed to provide persons who held a collegie 
degree -with "a repertoire of basic skills for teaching various school 
subjects, including science." Wilson, Koran and Koran (312) claim that 
4 "few if any sAmmative evaluation reports describing the effectiveness 

of Teacher Corps Programs exist." .These researchers worked with a 
multi-racial ^roup all of whom had degrees and whose Graduate Record 
Examination (GRE) scores were betwee^^^SO and 1400 (a mean score of 850) . 
The students received a M.A.T. degree if they successfully completed 
the two year program. These studjents experienced a learning procedure 
that can best be described as modeling, practice, feedback, reinforce- 
ment using, the Science - A Process ApproaclT elementary science program. \ 
The data used in the evaluation were collected by evaluating the students 
at entrance to and exit from the program on nine "target behaviors." 
Those. target behaviors were: (1) assessing behaylor, (2) evaluating 
Instruction, (3) probing, (4) giving ins tructions^y(5) vocabulary 
development, (6) establishing set, P) reinforcement, (8) eliciting 
observation and classification, and (9) establishing models, Significant 
behavior change was fo^i^d among the students in behaviors (1), (2), (3)., 
(7),/^d (9). Tlie investigators concluded that the methods of training 
used were sOccessful even with students who had low GRE scores, They 
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contend that the major advantage of the traijiing model used is its .f lexibilit;^^ 
and that the model would be advantageous with many inservice and preservice 
teacher |)rograms where local personnel are used as master teachers who 
may not know the nature of some of the basic skills and desired outcomes of 
tke teacher training program* Most of the concerns of the Teacher Corps 
are also the concerns ^of the preservice and inservice teacher education 
programs* , The inference is that those programs should -look at the Teacher 
Corps operation. » 

4 ' 

Tomera, Hungerford, and Walding (295) conducted a survey of professional 
6cient;ists, science teachers, and preservice 'elementary education majors* 
They were sent a questionnaire consisting of the Perceptions of Science and 
the Scientist Inventory (POSSI) instrument* The ^instrument comprised six 

shorts-answer questions dealing with: ' (1) a~definition of science, (2) the 

* , t 

differences between science and technology, (3) the greatest contribution of 
science to man's culture, (4) the most important intellectual process to the 
scientist, (5) the paramount ethical responsibility of the scientist, and 
C6) *the value of science education to human beings. Included in thi^ report 
are analyses of the various types of answers given to 'these questions and the 
percentage of each sample group that responded with each answer-type* In 
general, the results of the study showed that scientists and science^educators 
had fSimilar perceptions of science but that the pre-service elementary educa- 
tion majors often had no response to questions or held views contrary to 
those of scientists and science educators* 

♦ 

. Research in Secondary School Science Teacher Education' 

How can specific teaching b^iayiors be taught to preservice teachers? 
Rezba and Andersen (244) asked wheCTrer or not using a system which involved 
a model teacher laboratory behavior and a microteaching environment would 
cause prese'rvice teachers to change their interaction with students in such 
a way as to complement inquiry--centered teaching. Randomly assigned groups 
from a sample of 56 participants wepe. presented a printed model of labt)ratory 
teacher behavior and a perceptual model employing those/behaviors — a video- ' 
tape of a teacher performing the behaviors found in the printed model. The 
Students then engaged in peer gi^^p microteaching. All content for micro- 
teac|\ing was taken from the work of the Intermedin te Science Curriculum Study 
> ■ (ISCS) and all teacher behavior models were based upon materials from the ISCS* 
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Following the instructional treatment, the participant's demonstrated signifi- 
cant increases in the us'e*bf accepting feelings; praise or ej^couragement ; 
modifying students ideas; * accepting* ot using students* ideas; all types of 
questions; and all indirect verbal behavior. The treatment also, significantly 
decreased the use of lecture. The treatment did not^show a significant impact 
upon acknowledging, applying, or ^summarizing students* ideas nor was the use 
of cognitive-memory questions, giving directions, or critizing and^'jjustifying 
authority significantly influenced by the treatment* ^ 

The ISCS program was also j^sed as a research vehicle by Knight C149) 

who investigated the value, to preservice teacfiers, of classroom experience 

with the ISCS program, A total of 3! preservice teachers w^s given 18 

'hours of preparatory instruction on simple teaching skilly and science con- 

tent* They then had 20 hours of experience as a teacher would 'have in an 

ISCS classroom. The Nature of Science Scale, a Word Ass(5ciation Scale, and 

a Teacher Profession Questionnaire were used«±n e^^aflrtiation. Measures were 

also taken to establish that the preservice teachers understood the philo- 

" ' ' ♦ 

Sophy of the ISCS* classr&om and that they demonstrated they toew^ the philosophy 

while working in the classroom. After the ISCS ^xperfence, the preservice 

teachers expressed interest in a broader science background, an increased 

preference for junior high schiol teaching, student reading. , problems , 

individualized instruction and the evaluation of student progress. A 

decre'ased interest in the use of bla^bdards,^ teacher aides in jtfhe classroojn, 

and writing relevant objectives for studants^-was measu^d* ^ 

0 

There is no doubt that the exact competencies n^Gded i)y ^condary — 

school sciience teachers are not known, Qureshi (239) designed and conducted 
a study to identify a set of validated competencies that could be used in 
educational programs for that group. Interviews with 21 randomly^-selected, 
high school teachers led to the identification of twelve competencies. 
Those co'mpetencies were: (1) A ^acher must know his subject and keep 
striving to update his knowledge; (2) lA teacher must-have a good rapport 
with his students; (3) A teacher mu3t recognize the individual academic 
abilities of his students and try to help and encourage each of these stu- 
dents; (4) A teacher must make his lessons interesting without wasting 
time; (5) A teacher must be able to control discipline problems t5 protect 
the learning experiences of his students; (6) A teacher must plan lessons 



In advance. with the idea of presenting the scientific^ concepts and Ideas 
In an organized and clear manner; C7)' A teadher must foster unj)iased, . 
Independent and critical thinking in his students; (8) A teacher, especially 
the one who is teaching low and average ability students, must relate the 
scientific concepts and ideas he is teaching to the daily life experiences 
and needs of the students; (9) A teacher must evaluate, in a traditional or 
any other practical sense, the academic progress of his students >and make 
the results available to them as soon as possible; (10) A teacher must, 
appropriately, respond to sudden diversions of student thoughts; Cll) 
A teacher riiust make appropriate actions to instruct the students about 
laboratory safety practices; and (12) A teacher must fulfill his professional 
responsibiliti^. Validation of the competencies was accomplished by using 
the pariel-of~judges technique. Through the, use of inter-judge reliabilities, 
inter-teacher reliabilities, and the Chi-sqQare statistic, the conclusion 
was drawn that only competencies 1, 2, 4, 5 and "6 were validated. 

When a person engaged in the education. of science teachers looks at a 
class in^which they\are enrolled, the question regarding who will finally- 
achieve certification is intriguing. What criteria could be uS.ed to predict 
success? Research has not yet produced 'a definite answer, but Neff (209) 
has demonstrated that the Scholastic Aptitude Test of .the College Entrance 
Examination Board (SAT) is not capable of making that determination. All 
students at Ball State University seeking provis-ional certification to teach 
biology between 1965 and 1974 comp^rised the^ sample, which was divided into 
two groups for the study. Group one* inAuded all persons who achieved 
-cext^i-f ioation ^33^1-student-e^ and-group— two-^as made-tip--af -those sttidents- who 
did not receive certification ^244 sti^ents) . When the discriminant 
analysis technique was used with the SAT verbaJL scores and mathematics 
scores, no significant differences^ were found between the two groups. 
The conclusion was dravm that SAT scores wetepot reliable predictors of 
"provisional certification of biology^teachSrs at Ball State University \ 
during the period between September of 1965^ cfnd June of 1974,'^ 

Do the actual experiences whichF' a student has in college really influ- 

1 ^ 

ence the attitudes of a future teacher? MB^^^V (226) designed and carried 

out a study to test whether or not a learning module which presented a 
laboratoryorientcd, student-centered inquiry m^>thod of science teaching. 



presented In 'a poslttlve way, could affect preservice secondary science 
teachers' attitudes toward the teaching lAodulfe, This researcher also 



studied what other factors might affect the change, in attitude toward the 
module. Perry usecf 50 perservice secondary science teachers enrolled in 
a "science methods" course. The instrumentation used in the research included 
the Semantic Differential Test of Teacher Attitudes CSDTTA) , the Sixteen 
Personality Factor Questionnaire (16PF) , and the Ames Philosophical Belief 
.Inventory (APBI). The 50 students were divided into two groups on the basis 
of performance Efcn the SDTTA, The sample was ranked from greatest postive^ 
attitude toward students-directed learning to greatest negative attitude 
toward student-directed learning; in other words the better group was oriented 
toward teacher-directed learning. The sample was divided at the median. 
^ Th^e Study's results demonstrated that a significant improvement of attitudes 
toward positively viewing student-centered, inquiry science teaching 
occurred during the completion of the learning module. The two groups 
differed significantly on four personality factors. The student directed 
^oup was more enthusiastic, forthright, apprehensive, and tense. No 
differences were found 'based upon sex, philosophy or the number of education, 
credits earned. The major predictors of positive change in attitude, in 
order of importance, were the personality factors of 'tenseness, maturity, 
stability, f orthrightness , intelligerice, and laxity Ccarelessness of social, 
r^liBs), - . 
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Results of A study reported by Stronck C281) involved lessons taught 
In biology by 58 student teacherts which were evaluated by other student 
eachers and by the students feeing taught. The data were gathered by using 
.evaluation instrument which had nine categories: Cl) knowledge of subject 
tter, C2) Attitude toward subject, (3) explanation, (4) speaking ability, 
C5) attitude toward students, (6) personality, (7) evidence of |/lanning in 
procedures and materials, (8) students* attei\tion, and (9) objectives. A 
total of 2,399 questionnaires was completed by the students (an average of 
a^jproximately Al per lesson) and a total of 31A questionnaires was completed 
by other student teachers (an average of more than five evaluations per 
lesson). The students gave the student teachers significantly lower ratings 
on eight of the iTine categories than did the other student teachers (peers). 
Tlie' exception was category 2; no significant differences were found for that, 
category. The suggestion is made that preservice teachers should not 
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become overconfident when studying peer evaluation from microteaching, 
Secondary school students will .probably be significantly more critical. 
When teachei^sJijtaught at two separate times and were evaluated by the students 
there were no significant differences between the evaluations of the first 
and second lessons. 1^ 

r 

Farrell, Fanner and Clark C90) began with previous research they had 
done to identify teaching competencies used in competency-based teacher 
education. They had identified 74 such competencies-. There* were seven 
competencies identified which "would no^t"* likely be discardecl in a longer 
term study". In this research a Systems analysis model was* developed using 
•the competencies as a conceptual framework for a program for teacher educa- 
tion in science and mathematics. Tne researchers sought to determine the 
interrelationships among the competencies comprising the model and to 
test the theoretical links between the model and the instrument designed 
for testing. Data were collected on 122 student teachers over a period 
of five semesters. Seven factors emerging from the analysis accounted for 
46 percent of the total variance. Six of those factors loaded on the same 
general criterion which can best be described as dealing with the affective 

to be learned, 
how humans learn 

various categories of content-, instructional strategy de^gn, and feedback 
resulting from the implementation of plans, , * 

Many different positions in the educational heirachy from both the 
college and precolle^x^vel have an impact upon the profession of secondary 
^«ehoeI^ science teach"ing. Do all persons in those positions view the tasks 
to be' accomplished from the same frame of reference? Conner C65) compared 
the views of science teachers with each other and the views of science ^ 
teachers with those of ^'methods course" instructors on selected theories 
and practices in science education. The questionnaire technique was tJsed 
and A2 methods course instructors from 35 Ohio teacher education institu- 
tions , and 216 Ohio secondary school science teachers participated. A total 
of lOQ items, 50*on theory and 50 on practices in secondary-school science, 
was rated on a^ f ive-rpoint , Likert-type scale that indicated degree of agree- 
ment with the theory statements and frequency of use of the practices. The " 
data were analyeed by the principal components method, t-tests and the^ \ 



domain. Those six factors are; nature of the content; 
Student intellectual development, objectives specified, 



analysis of variance. The principaX findings were: (1) Methods instruc- 
tors were significantly higher than were the teachers on the theory .factor 
reflated to nontraditionalism and significantly lower on the theory factor 
related to cogtent mastery. (2) Methods instructors were significantly 
higher than were the teachers on the pi^ctices factors related to humanism 
In science, nontraditional 'approaches, and diversity of classroom proce- 
dures. (3) The* factor structures on the theory portion of the questionnaire* 
Were different from the factor structures on the practices portion of the 
questionnaire. (4) Analysis of variance performed by experience on the 
teacher responses resulted in significant ratios for all six theory 
factors and on only one practices factor. (5) Analysis of. .variance performed 
by science courses on the teacher responses resulted in significant 
ratios for three theory factors and five practice factors. C6) Analyses 
of variance performed by school size and by teacher's major field resulted 
in no significant differences on either theory or practices factors. C7) 
Analysis of variance perfoiqned by amount of the teacher *s education resulted 
in a significant _F ratio for one theory factor and no praclbices factorls. 
(8) ^Analysis of variance performed by curriculum, either^ tradit|,onal or^one 
of^ the national programs, resulted in significant _F ratios for one theory 
factor and t,Jjree practices factors.N 

The results/of the study indio^ated that the theoretical orientation of 
practicing teachers differed significantly from the theoretical orientation ^ , 
of methods course instructors. Furthermore, science teachers used practices 
which differed in many significant respects from the practices advocated 
by methods instructors. A teacher's teaching practices did not seem to 
have a /relationship with that teacher ^s agreement with given theories. 

How well do teacher education graduates function i^ the schools? 
Acquiring data to answer that question requires that follow--up studies be 
made of those completing teachpr education graduates. Most assuredly not 
enough follow--up studies have been made in education, .Science <2ducation 
literature for 1976 contains such a study, Swami (286) made a follow-up 
Study of teacher education graduates from a field-based^ program which was 
designed to prepare science teachers to implement inquiry-oriented activities 
in their classrooms,' This researcher wished to find if teachers had changed 
their views of inquiry-oriented activities for science teaching and hou - . 
O ^ activities implemented by teachers with differing amounts of experience 
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might be different • Data were gathered from 86 teacher, .education graduates 
having one to four years of experience and teaching fulltime scier^ce in Ohio 
during the 1974-75 'academic year. A' wide variety of instrumentation was - 
used. Using Analysis of Variance, Swami found no significant difference i 
in changes of science teachers* views regarding the appropriate types of - 
classroom activities after one to four years of teaching experieace. 
Furthermore, no significant differences were found in the types of activities 
these teachers implement in the classi;oom. Several variables which influence 
the types of^ activities imple*mented the^.classroom wete £ited. The* 
data demonstrated that students generally liked inquiry-oriented teaching 
and teachers considered administrative support for inquiry^^oriented activities 
essential. Swami concluded that an outcome of a f ield^based^program was 
the stability of views toward inquiry-oriented activities of teachers 
completing a field-based program. 

Fdllow-u](J studies .can ^a^ reveal trends, fads, and/or stability in 
science education. Mayer (Iw) reports on a study conducted in the spring, 
1974, which was a follow^p of 'an original study conducted in 1964^65 and 
a follow-up o'f that study conducted four years lat^r. As a pain^ of the^ 
1964-65 study, a criterion model of an earth science education program was 
developed. The 1968-69 study identified 210 institutions as having earth 
science teacher education programs, 38 of those institutions had provided 
information for the 1964-65 st-udy. The questionnaire liaed in the 1974 
study went through several stages and evalua^tion duuring its development. 
It used data and procedures from other science eduction activities. The 
questionnaire was sent to^ each of 'the 71 institutions which had provided 
Information in the 1^4-65 study; 68 of those institutions responded and 
all 38 from the 1968-69 study responded. Data from the study suggest that 
the academic components of programs of institutions involved iri. earth 
science teacher education were "resistant to change even when it means 
a^iopting natipnally developed recommendations'" Earth science as an inter- 
disc^f:^linary study was not being .implemented by the institutions in the 
study. The procedures for presenting the subject have seen very little ^ 
change. Very little freld work was foynd; that fact was first isolated 
in the 196V65 study. The requirement o^ an earth science teaching methods 
course has been added since the 1964-65 survey. The Earth Science Teacher 
Preparation Project has had little or no effect upon programs qffered by 

the institutions in 'the study. 

I*' 
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i Research in Science Teacher Education in K-12 

^ Since 1958 the Natiqnal Science Foundation has s^en^ nearly 150 / 
million dollars for teacher^-e4ucat ion and upgrading. Is there any "evidence 
'that precollege . student cognitive achievement has been increased because 
of teacher participatioli" in NSF-sponsored institutes? Willson and Garibaldi 
. (310) believe that the answer to that question is generally positive but 
the significance to students of the. teachers attending institutes varies 
by Subject matter and grade level. Furthermore, that significance was 
influenced by factors outside the scope of the study. 

Forty-four sophomore teacher education students at the University of 
Iowa represented the population JNizzini C230) used to study whether or not 
the Iowa UPSTEP preservice teacher' education program made' a pospLtive 
contribution to the students' self concept. Twenty-two of thei 44 students 
served as a control group and 22 of the students participated in UPSTEP • 
• Twelve variables concerning self-concept were measured with Tennessee 

Self-Concept Scale , The UPSTEIp group scored significantly better on ten of 
those twelve variables than did the control group. Since the concept of 
self is believed to have an impact upon teacher-student interactions, the 
results are important to teacher education programs. Several recommendations 
are made, for use of these findings. The investigator concludes that per- 
haps "the most important, change is putting the person back into 'the 
prpcessps of education'," 
\ / 

May and Crawley* (183) sought to develop an instrument capable of assess- 
Ing the effect of the classroom teacher's model of teaching upon the model 
acquired by the student. An instrument was designed which contained state- 
ments grouped into one of three categories depending upon the particular 
skill in^uesti<^i. These skills were instructional, interpersonal., and 
managerial in natures, A Likert-type scale was used to irtdicate the extent 
."7 to wh'ich an individual's model was teacher-, class-, or student-centered.^ 
Pata were gathered from Level I interns, student teachers, and cooperating 
teachers in the competency based teacher education program at the University 
of 'Georgia. Pre- and post-data were obtained from Level I interns; a single 
sampling of responses was Collected fyora student teachers and, cooperating 
teachers. A correlational analysis was conducted which examined intra- 
and Inter-group agreements, Numcyrous findings were made that indicated 

. . err 
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that the instrument was sensitive enough to measure changes. Among these 
results was that student teachers viewed the relationship between instruc- 
tional and interpersonal tnodels of teaching as similar whereas Level I 
interns saw them as unrelated, and cooperating teachers were uncertain as 
to the relationship between the two teaching models. 



Most certainly when a student enters a course which is to give him/her 
a perspective on feachfng science, that student should expect to develop 
a perspective which integrate the nature of science,, the nature of the 
learned and the nature of teaching, College students should, in other words, 
develop a theary base for teaching science. Does this happen? Iftiat would 
such a learning experience look like? Could aj^naly tical scheme be 
derived that would be ^useful in examining teacnong materials Cnamely books) 
used in the college methods courses and* which also, might furnish a perspec- 
tive to look at teachers* views of science and teaching? Russell C253) 
developed such an analytical scheme from selected theoretical perspectives 
of the nature of science and the concept of tea^ching, The divergent inters- 
pretations of science of several science philosophers were examined and used 
to develop five dimensions of the analytical scheme, Selected philoso- 
phical analyses of the concept of teaching were described and interpreted, 
yielding six more dimensions. An initial assessment of the applicability 
of the analytical scheme was made by using it to examine arguments in eight 
passages'" selected from a sample of textbooks which discuss methods of 
teaching science. As developed, the analytical scheme may he used by science 
teacher educators in the design and eval^atio^ of various aspects of their 
programs; several possible applications were noted, .The theoretical per- 
spectives developed in th^ study provide a sound conceptual basis for 
research concerned with views of science and teaching actually held by 
teachers, views implied by teachers' teaching behaviors^ .and processes by * 
which' views or teaching behaviors actually do change, tV^ 



5C 



50 



Research In Inservicc Teacher Education 

, <• ^ 

A total of 24 rural elementary teachers used a home stu^y instructional 
program designed'by Futrell (102) and which utilised materials from the 
'Elementary Science Stydy (ESS). The 24 participants analyzed the investi- 
gations that they performed from a teacher *s point and then used the 
activities with the students in their own classroom. The* study was made 
in order to test the effectiveness of providing teacher education with 
curriculum developments in an area of 'low population deitsity. Specifi- 
cally, the study was to test the effectiveness of the home instructional 
program in: (1) teaching a new elementary science curriculum's philoso- 
phical approach and methology; (2) developing an attitude toward science 
and the teaching of science more consistent with the philosophy and goals 
of the new science curricula; and (3) developing a positive attitude 
toward the program of inservice instruction itself . The results of the 
study shoved that knowledge of the ESS program was acquired and that a 
positive attittlcie toward science teaching was developed • However, 
significant changes were produced in the teachers^ attitude toward ^ 
science* Positdve attitudes were developed toward home study. 
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Fifty-three elementary teachers in the downtown area of Panama * 
City were pre-^test-ed by Barnett (17) to establish cheir knowledge of 
science process skills and attitudes toward science, scientists, and 
scientific careers. The teachers were randomly assigned to four work- 
shops according to their process skill scores; those workshops were of 
varying length and approaches. All workshops used the Science-A Process 
Approach curriculum, materials and equipment. Some of the groups, 
however, participated in microteaching. Due to the statistical technique 
used, data from only 40 teachers were used in the final analysis. Pre- 
and post-workshop observations were made of the teachers' classrooms 
to ascertain the use of equipment and materials as well as overall 
behavior, by the children* in those, classrooms. Barnett concluded that 
workshops that are organized for teachers' active participation can 
facilitate the transfer of that experience to classroom situations and 
the students of those teachers have their "process skills and use of 
equipment enhanced. No interaction was noted between workshop length and 
the way the workshop was conducted. 
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A study by LaShier, Hall, and Colbert (156) Involved- the partici- 
pants of a four-week. National Science Foundat*ion-sponsored workshop who 
were interested in piloting the life, science phase .of Science Curriculum 
Improvement Study (SCIS) materials in six school-districts in Northeast 
Kansas. The purpose of the study was to investigate the progress of par- 
ticipant usage of SCIS and to identify concerns of the participants so 
that help could be provided. For this purpose, a "Concerns Questionnaire" 
was administered to the participants before and after the workshop, and 
was also administered to teachers who had attended the workshop the previous 
year and had been using SCIS for one year. Among the results of the study 
were: (1) the teachers who had been using SCIS for one year were less'*^ con- 
cerned about the management of SCIS. than were the inexperienced teachers; 
(2) the workshop participants were more concerned about management of SCIS 
after the workshop than before the workshop; and (3) there was no differ- 
ence between the scores of the participants on the instrutaent "Science and 
Science- Teaching Attitude Scales" beforehand after the workshop. 

Thirty-six. teachers from eight different schools and their students 
formed the experimental group used by Hounshell and Liggett (130) in eval-- 
uating whether or not bringing about cognitive and affective change in 

K 

Students could be accomplished by bringing about cognitive and affective 
change in their teachers. These researchers used environmental education 
as their ^vehicle in gathering data which would lead to the answer to theiif 
inservice education question. They designed a three-phase treatment of^ 
the teachers in the experimental group (a control group .was also used) 
that began by studying particular areas and resources in those areas, ^ 
through environmental awareness activities and ended with implementation 
in the teachers classrooms. A fourth phase, evaluation, was also 
included. Knowledge of attitudes toward, and feelings about, the 
environment yere evaluated with appropriate instruments. In other words, 
the evaluations were made on the cognitive and effective levels; almost 
2000 tests were administered in the pre-, post-experimental/control test- 
ing cycles. The answer to every question, but one, asked of ^he data 
was "yes^' and all those answers were statistically significant, They did 
show that the time of exposure of the teachers to th^ project had a s*igni- 
ficant effect on the attitude of students but no..^^gnif icant influence on 
knowlek^e scores. 
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Evaluation in Scien6e Education 

A large number of the studies reviewed in this summary could be 
classified as evaluation studies. Many of thes'b studies (for example, 
evalution of teacher education programs and evaluation of instructional 
methods) have been or will be summarized in other sections of this 
review. This chapter will limit itself to five aspects of evaluation: 
(1) evaluation surveys - those studies ascertaining the state of learning 
science; (2) curriculum evaluations; (3) affective studies.- those 
looking at the parameter of attitudes, belief^, self-concepts, values, 
and Interests; (4) instrument development; and (5) evaluation methodology 
those studies looking at the techniques and procedures of evaluation in 
science education. There is naturally considerable overlap between these 
various categories of evaluation, A study assessing the effect of a 
Student s attitudes toward science may also involve the development of 
an Instrument to measure that attitude. These studies might be reviewed 
in either or both of the relevant sections of this chapter, <^epending 
upon how important the contribution to those areas Is. 

Evaluation Surveys • • * 

Quite 'a large number of studies appear to be trying to assess the' 
state of science learning by students. Some of these surveys are very 
general in nature; others are more specific. Some survey on a large 
scale, some on a smaller scale. There are several foreign studies which 
give insights into the workings of science education in emerging countries 
The most important of these surveys, however, is the National Assessment 
of Educational Progress (NAEP) , which released several studies during 
the time considered by this review. The National Assessn;ent studies 
C205, 206, 207, 257, 258, and 263) ^interpreted various aspects of the 
data coUected during the 1969-70 and 1972-73,*^cience assessments. 
There ^ere 400 questions -used in the science assessment and they were 
askedof four age groups: 9 years, 13 years, 17 years, and young Adults 
(age 26-^35) . Sc^*p4e groups were compared by ^geographical region, sex, 
„race,^and type of community. The National ^ Assessment objective for 
sclepfce were: (1) to assess the" knowledge of 'scientific fact and 
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principles, (2) to assess process skills, C3) to measure an understanding 
of the investigative riature of science, and C4) t6 measure the appreciation 
of science's role in culture* One , of the reports (205) included sample 
questions and an analysis breakdovm of the^ question by groups, 

■• L . 

Questions from the NAEP exam which were concerned with knowledge 
of and attitudes toward energy Vere studies in one of the reports C206) , 
The results suggest an overall decline in knowledge, although some groups 
s^aw slight gains. This is in keeping wij;h 'the general decline in science 
achievement noticed between the 1969 and 1973 surveys. Attitudes towards 
conservation and environmental concerns appear very strong as measured 
in the 1973 ^rvey. Selected results from the attitude questions of the 
NAEP are studied in another rfe|Jorrt C207) . ^Interest in, and attitude 
toward, science appears to have undergone a small overall decline between 
1969 and 1973. The majojjaty still, however, have positive attitudes 
towards science. 'Interest seems to be high but is declining. Other 
results from the survey indicated that few high school students (approx- 
imately 10 percent) see science as a career in their future. Almost all 
of the subjects see that research is, important and beneficial. However, 
selec};ed types of 'research get different levels of support from these 

students. « • 

ft 

Information on selected scientific skills and knowledge were summarized 
in another NAEP study C25-7) The bre'aTcdovm of results in the 9,' 13, 
and 17 year old age groups appear to be consistent. Students did not 
do as well in these areas in 1973 as they' did in the 1969 survey. 
There was an average two to three percent drop on the individl||||^ questions 
which were given in both surveys. Regional results indicated that the 
Southeastern region was the lowest in overall knowledge and skills in m 

-sat 

science, but had |mproved its position with rdspect to other regions from 
1969 to 1973. Although boys appeared to out-perform girls in the area 
of science knowledge- and skills, both showed about an equal decline 

^during this period.^ Scores for blacks were below whites,' but did not 
decline cfuite as much during the study period. Students in rural areas 

e showed gains in the 9 and 13 year old^ge .group and smaller than average 
declines in the 17 year old age group. Tliis group was next to lowest 
with regard to other types of communities in'^ 1969. 



Further analysis of the racial and regional data i|^s carried out in 
two NAEP Studies (258, 263). Overall, blacks paralleled whites in their 
declining scores in science from 1969 to 1973. There' was no improvet 
ment in the relative performance in sciences for blacks • Black -males 
apparently scored better than black females in the 13 and 17^ year old 
age groups ♦ "these differences increased with age. One noticeable brigh 
spot was that blacks in the Southeastern part of the country, previously 
the lowest scoring group, showed increased scores compared to blacks 
in other regions. In general, declines were smaller in the Southeast 
for both whites and blacks. Although the scores of blacks were lower 
than whites in this region, they closed the gap very . slightly from thp 
1969 to 197^3 surveys. Outside ^the Southeast, scores of b^lacks declined 
at rates even greater than scores of whites. One of these reports (263) 
.Alsa compared the racial composition of schools in the Southeast between 
1^69 and 1972. During 1969, most schools in the South were highl^ 
segregated. As a result of legal and social pressupes, there was a ,^ 
quick move toward integration of the* schools , and this region found 
its schools much more integrated in 1972. The rest of the nation saw 
relatively little change from 1969 to 1972 concerning the racial composi 
tion of its schools. It was cautiously suggested by the authors of 
these reports that there was a connection between the relative gain in 
science scores by blacks in the Southeast and the change. toward more 
integrated schools in this region. It was suggested that blacks benefit 
in achievement £rom the integration of schools to a measureable extent, 
while whites are not harmed by integration. ' 

In trying to account for the decrease in NAEP scores from 1969 
to l573, it has been suggested that the 1969 attitudes and knowledge^ 
scores might be inflated because of the Sputnik aftermath and the great 
emphasis on. science that resulted. This argument suggests that the 1973 
data ar^e more realistic in measuring the actual^state of where science 
attitudes and knowledge ought to be. ' It is encouraging when observing 
what is sometimes interpreted as the public's negative attitude towards 
science, to see these young people give fairly high attitudinal measure- 
ments towards science and science related ideas. At the same time it 
is disappointing to see the small percentage of students who are con- 
sidering science as a career. 
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In a Q^^g^emwide a4:udy of science achievement trends, Renner and 
Coulter (243) tried^o explain why students* achievement in science in 
Norman, Oklahoma, was higher than nationwide statistics based on the 
California Comprehensive Tests of Basic Skills. The science scores of 
these ^students were higher than norms and higl^r than would be predicted 
from IQ scopes. It was ^sugges^ted that^ a well-defined system wide 
philosophy of education was comp'ared 'with the system wide choiee of a 
_K-8 science curriculum, and that these were (fcmpatible. This compati- 
bility was said to account for the unexpectedly high science achievement, 
ment • 

One of the most disturbing continuing phenomena in science achieve- 
ment from kindergarten through college science is the group differences*-"^ 
in achievement according to sex and' in all learning areas according 
to race. Many reasons have been proposed for these differences including; 
sex and race role stereotyping, bias in testing, techniques and.instru-- 
ments used in measurement, and cultural differences. Continuing sfudy 
of these problems needs to be done, and if these individual differences 
hold up,' effective ways of dealing with these* differences in the class- 
room must be proposed and tested. ^ 

Curriculum Evaluation 

This section is concerned with the study of specific curriculum 
projects.* Most of these projects are supported, by. foundations in the 
United States ^ mo^t often by the National Science Foundation. Also 
included, however, are some foreign curriculum projects like the Nuffield 
Project, and curricul^ inspired by NSF-supported curricula but modified 
in other countries. These studies dook at a variety of topics, fr^om 
measuring the effect of the curricula on attitudes, to concept attainment. 
The projects studied run the gamut from el^entary through high school 
and take into account all the sciences including biology, chemistry, 
physics, and earth science. The ^studies reviewed are organized into 
three sections: (1) the study of specific curriculum projects, (2) 
a* comparison ^f traditional with new curricula, and (3) implementation 
studies. 
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A group of studies looked at specific curriculum materials to 
ascertain the characteristics of these materials, or the learning require- 
ments of these materials, or the effect of these materials on students. 
Charles- (51) , for example, reported the results of an evaluation of the 
Nuffield Combined Science Projects utilized' in English schools for biology 
chemistry, and physics. Using staff discussion, a staff questionnaire, 
a pupil questionnaire, and coded response tests, he gathered opinions 
and ideas from 18 teachers and 420 students about the effectiveness of 
the project in teaching certain skills. Consensus of the opinions 
indicated that the desired content* was being taught, that' some of the 
skills and concepts being taught were difficult for students, but that, 
*in general, teachers felt that mo^t of the materials were appropriate 
for the levels at which they were tried* 

Ukens ^d-Merrif ield C298) studied the mental abilities needed as 
prerequisites for learning the content of the Conceptually Oriented 
Program in Elementary Science (COPES) . Guilford's "Structure of the 
Intellect/* model was used as a theoretical base for studying the COPES 
unit covering mechanical energy concepts. Batteries of tests assessing 
chosen "Structure of the Intellect" abilities were developed. ' Pre- 
and posttests on the concepts to be taught were also developed* One 
hundred fifty-eighf sixth grade subjects nere given the "Structure of 
the Intellect" battery and the COPES pretest. They were then taught the 
COPES mechanical energy sequence and given the COPES posttest. The result 

owed that, when combined with the pretest score, three convergent and 
one divergent operations yere good predictors of the students' attainment 
of the mechanical energy concepts being taught. The authors Concluded 
that' certain mental qperations were necessary as prerequisit/es to under- 
stand' this unit, and that these prerequisites included these three 
convergent and one divergent thinking operations. If 'students do not 
have these thinking operations as part of their intellectual repertoire, 
then their attainment of the chosen concepts wi.ll be much more diffi- 
cult, if not impossible. 

Most ot the natiopally supported curriculum projects developed 
through fouriSation support stated what they considered to be the important 
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goals to be obtained by students using the project *s materials. Scientific 
literacy was one such goal. The Science Cfirriculum^ Improvement Study, 
(SCIS), was one project for which scientific literacy was co.nsidered 
an Important goal. Bowyer (35) studied the effect of SCIS materials 
on the development of scientific literacy. She developed an iifstrument 
which was used with 521 rural sixth grade children. This instrument was 
based on the development of nine Piaget-type \ifceracy taskp. Points were 
given for different kinds of answers depending on the level ol sophist ir 
cation implied. These literacy tasks were designed to. be cl^^i"" . 
administered and consisted of both, activities and penclT^^d-paper 
tasks.^ The activities were demonstrated for the students and they - 
responded by writing down anstTers on a prepared answer sheet* Sixty- 
three percent of the children in the study had\been exposed to SCIS fori^ - 
si^^^ars. The nine literacy tasks were: (1) the ability to recognize 
and describe variables, (2) interpret and criticize experiments, (3) 
interpret data from histograms and probability questions, (A) interpret 
data from experiments and make predictions, (5) determine relative posi- 
tion, (6) identify the source and receiver of energy;, C7) predict and 
explain temperatures in energy transfer situations, identify necessi- 
ties for minimal survival, and (9) understand the concepts of solution 
and evaporation. . Bowyer concluded that these tasks provided evidence that 
/indicated that SCIS contributes to the overall development of scientific 
literacy. The specific concepts which most accounted for this evidence • • 
were Numbers 1, 5, 7, and 9 listed previously so far as these four 
tasks are a reasonable definition of scientific literacy, this goal of 
the SCIS project seems to be an outcome of using SCIS. 



Research examining specific curriculum materials without comparing 
these materials to other curricula has special problems. . Foremast among 
these is the development of the criteria for evaluation. Operational 
definitions need to be carefully developed. One also ne^ds to look at 
the type of data that are being collected, and spe-cif ically tie these data 
to the operational definitions whether these data be opinions, performance 
dat^, or a. combination o£ the two. It is especially important in these 
c^es that a theoretical background of some sort be developed and 
tested, llore research looking at the mental requirements of curriculum 
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mj^erials needed. Studies of these types are valuable on two counts. 
First of all they test tl^ flexibility of the curriculum materials 

for different types .and 'ages of students. Secondly, this approach is 

i 

a way of testing our theoretical constructs to see how useful they are^ 
in defining real world problems. 

i 

. A second type of study evaluating curricula concerns the comparison 
of traditional curriculum materials with the "new" curricul\im materials. 
Most of these studies operationally defined text-oriented non-laboratory-«* 
centered and f actror^^nted curricula as "traditional". The "new" science 
curriculum materials are by contrast inquiryroriented and laboratory- 
centered. Most of the "traditional" materials are developed by publishers, 
according to this research, and are sometimes used as control groups. 
Foundation- supported curriculum projects are identified as being the non- 
traditional approach and are the ^experimental groups in a comparison. 

TaFoya C288) compared the inquiry potential of a textbook approach 
versus the ^SCIS approach to teaching elementary science. Using a content ^ 
analysis, it was determined that the SCIS approach was superior in developing 
inquiry skills 'in ^shildren. In another content ana-lysis ^"^ Kent and ^ 
Simpson C147} studied the content -of the biological^ aspects of s*ex 
education as defined ]by SIECUS CSex Information and Education Council of 
the United States) to see how these topics were covered by five biology 
textbooks. These included the three Biological Sciences Curriculum Study 
(BSCS) texts (yellow version, Blue version. Green version). The con- . 
elusion 'was that^th^jf^ was^o edge for any one of the text books andf^that 
aj.1 would need supplements to cover the^IECUS defdned topics thoroughly, 

Ashmead (il) compared the BSCS human sciences program to an existing 
text to see how thes^ two approaches affected the Achievement , attitudes, 

process skills of their students. Tlfe sixth grade students in the 
study shewed no differeope on tjiese three measures, 

Davis et' al. X73) compared. the achievemeat and creativity of elementary 
<S ' • 

school -Students using Science — A Process Approach (SAPA) versus a tradi- 
'^ional textbook program. Students in grades one through six were given 



• 59 ^ . 

the Metropolitan and SRA Achievement Tests in science, reading and mathe-- 
matics. In addition they were given the '*asking'^ and "just suppose" 
activities from the Torrence 'Tests of Creative Thinking, Verbal Form A 
(TTCT). Students who had attended the school from grades one through six 
were included. The number of subjects varied between 72 and 131 at the 
different grade levels. For the creativity measure, a 'random sample of 25 
students was drawn from each grade level>^ Intelligence was used as a 
covariant in the statistical analysis. No differences in achievement, 
science, reading, or mathematics w^-re found "b.etween the control and 
experimental groups. The SAFA students scored^higher on ^he TTCT in 
Verbal fluency and verbal flexibility. The authoi^s' conclusions were that 
SAPA seemed superior in helping students develop divergent thinking 
processes which are important in problem solving, , 

, Sherwood and Herron compared^ an individualized version of In'ter^ 

disciplinary Approaches to Chemistry (lAC) with a conventional high school 
chemistry approach to see what their relative effects on students-^ atti- 
tudes were. A class of high school chemistry ^11 students was chosen as 
the subjects ^f the study. Students used a c<inventional college text 
during the first semester were given on attitude measure, and, after the 
second semester using lAC materials, were given a second attitude measure. 
Two a*ttitude measures were used. The first was the Student Opinion 
Survey In Chemistry ,= a 20 Likert-like item test designed by lAC," The secohd 
was the Scale to Measure Attitude Toward Any School Subject, which is a 
Likert-like 17~item test. A significant difference favoring the lAC 
approach was found usin^the lAC opinion survey. No significant difference 
was found with the other measure. The authors commented that they could 
not tell whether noticed differences resulted from change in approach, 
content instructional style, pr other confounding influences, 

I 

Comparison research continues to have several problems; among these 
include the setting up of the traditional curriculum as a straw man. 
Oftentimes, by carefully choosing criteria or testing inptruraents, the 
outcome can be controlled to favo^ the experimental group. There is a 
iteed to very strictly identify what the comparison really is. Confounding 
influences abound in this -l^ind of research. The matching of control and 
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^experimental groups needs to be carefully done, and the matching of treat-- 
ments to be compared must also be looked into very carefully, s,o that 
confounding influences do not mask the tested-for effects. Comparison 
studies often end up comparing apples with oranges. The temptation is 
to criticize comparison studies to the extent of eliminating them as 
legitimate curriculum evaluation methods and stick completely with the j 
study of the characteristics of specific ^urricula. Comparison. research, 

owever, can b^^aiuable if it is used to identify real differences between 
different curricula and thereby help school personnel make chbicete. 
However, when this research is used as a propaganda device, it loses cred- 
ibility. ' • ' 

A third class of studies concerned with curriculum evaluation examines 
the implementation of curricula. Most of these studies point out the 
^difficulties and problems with implementing educational materials as they 
were intended by their developers, Flores C97) studied the verbal and 
nonverbal behavior of teachers to determine whether these behaviors wer^ 
* ' compatible with the implied philosophy' of the Intermediate Sciente Qurrip-* 

ulum Study (ISCS) program. Twenty junior high school science teachers in 
Puerto Rico were observed; ten were from urban and ten were from rural 
schools. A questionnaire was submitted to the schools of the teachers 
Involved to determine biographical information, Five classes were observed 
for each teacmer, These classes were also taped, and an observation * 
instrument called the*^ Science Teacher Behavior Inventory CSTVI) was used' 
to categorize observed behaviorsl It was found that the teachers behaved , 
similarly regardless of their experience, age, sex, academic preparation, 
or the type of community in which they taught. Their behaviots were 
neither consistent with th£ instructional nor logical behaviors proposed 
, by the ISCS. Although this study was done in Puerto Rico and a lack of 
efiSctive inservice training was noted, these implementation problems 
do not seem to be much different from those in this country. * 

^ Jarvis (135) studied the implementation of Foundation-supported second*^ • 

ary school curricula. He' studied curricula- associated with biology, 
earth science, physics, and chemistry, He submitted a questionnaire to 
science t-cachers, college professors, science consultants, and-state 
department personnel to survey these groups' opinions about NSF- supported 

O ' - ■ • . ' ' 
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programs. Philosophy; the relationship of the program with teachers, 
students, and administrators; an^^ the content and implied metm^ of 
the program were the areas surveyed. The conclusions reached by) the 
Investigators were; (1) the programs showed a tendency. to be dire\:ted 
toward 'science^oriented students, (2) unstructured laboratory' activities 
resulted in a feeling of frustration by students, C3) teachers were all 
too often not involved in program selection, (4) teachers were asked to 
t^ach new programs' without sufficient training in their presentation, and 
JJS) programs were usually not used in a well-coordinated K--12 program, 
but instead were grouped together at random, 

Implementation problems seem similar in foreign countries as in this 
country. Implementation problems continue to.be the major roadblock to 
the success of these curricula. Inservice training is necessary for this' 
effort. The kind of inservice training which will result in succes^;sful 
Implementation has yet to be determined. 



Aficctive Studies 

The trend of the last n^inber of years toward studying affective para^ 
meters such as attitudes, belief s , self-concepts ) values, and Interests 
continues to influence educational research in general and science educa- 
tion research in particular. Most of this research is directed toward 
attitudes concerning either science as a discipline, science as a school 
subject; scientists, or science instructional procedures The subjects 

of these attitude surveys are usually science students or their teachers, 

1 

Many of these studies also try to relate attitudes to grades, ap^tud^e, . 
^billty^ personality factors. Kanjr of these»studies discuss the develop^ 
jnent of instruments used to measure -.these affective parameters • Some of 
these instruments are of general, ititerCfst and use and will be discus^d 
tn a later subsection of this" chapter. 

Schrier (262) attempted to identify the areas df science in which most 
elementary school boys and girls wdre interested, Using a forced-clibice 
questionnair(?', he polled 2200 elementary school children i^ grades one 
through six, The questions jfn the [questionnaire were categorized into 
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nine areas of science. The areas^f interest fron^ greatest to least 
were: XD ecolo'gy and conse^a£ion, (2) Chemistry, (3) health and the 
body. (4) biology. (5) weather. (6) physics, (7) geology, rocks and 
minerals, .(8) astronomy; space and air.tlravel, if) fossils and ancient " . 
. life.. In general, questions fro^ the physical /cience area ranked higher 

than the life science area which in turn ranked higher than the earth 
. science areas., Primary grades (1-3) ranked ecology and conservation r . 
as their areas of greatest 'interest Children in the upper grades' cJe) 
mosf^,6ften selected chemistry' questions in preference over other science ' 
areas. The author of this>study pointed out that the greatest concerns ' 
of children lie in areas where maximum direct experience-is possiSle.- ' 
Three of the affective studies reviewed were concerned with self^-concept^ 
(175. 274, and 301). Malcolm a75) tried to^ determine if^the'use of 
SCIS instructional materials could help chiljdren to maintain 'or develop 
a positive self-concept as.measured by the Piers-Harris ^Childre]. 'fself- 
. Concept Scale, -He concluded that students using SCIS science materials 
. had higher self-concepts to the areas of intellect "and school status ' 
-than did students not using SCIS materials. SeUers' (264) examined self- 
concept in stience by studying'' 320 . sophomore students at a central 
public high school located in an urban community. ^ This researcher inves- 
tigated the relationship between students' self.con^cept in science and 
their mental abilities, sex and achievement in science, '^he reseaxcher 
developed a test for self-concept called the Self-ConceVt in Science Scale 
^(SCSS) and validated it with' two other established self-concept instruments 
Mental ability was measured usir^ the Otis-Lennon Mental Abilities Test 
■ Science achievement was measured using the Nelson Biology Test and the ' - 
-Test of Science Processes. The -finding of this research showed that high 
achievers in processes, .biology, knowledge and high mental abilities also 
had a high self-concept in sciepde, 

yargo (259 and 301) studied th^ relationship between scie;ice atti- 
tudes. self-concept: and science teacher/pupil coijpatibility. " Using 12 
classrooms which consisted- of 204 students and six science teachers ^ this 
researcher pre'- and posttested students on the Science Attitude Scale" 
(SAS) and the Self-Concept in Science Semantic Differential' (SC^SD) , 
Students also- completed the Fundamental Interpersonal Relations ' ' 
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Orientation-Behavior (FIRO-B) inventory. Sex and the student *s final 
grade in ei^^h grade science were used as predictor Variables along with 
six compatibility variables from the FIRO-B in a stepwise multiple 
regression design. The results of the study include: (1) Pupil/science 
teacher interpersonal compatibility did not account for variation in 
self-concept in science nor rattitudes toward science; C2) both science 
. grades in previous courses and the self-concept pretest were significant 
predictors of self-concept in science; (3) the Science Attitude Scale 
pretest was a good predictor of the attitude to.ward science of these 
students but was the only one; and (4) boys possessed a more positive 
attitude and self-coucept toward science than did girls, 

Santiesteban; C256) assessed the attitude of high] school students 
toward various science instructional processes and procedures. Three 
hundred twenty- two tenth, eleveifth ancl^ twelfth graders enrolled in various 
science courses i<n four high schools were given a test vjhich measured 
their attitude toward several variables in science instruction. These 
included: the structure and function of laboratory, teacher questioning 
behaviors^ textbooks, library reports and independent projects, testing 
and grading, and types of instruction ♦ The items in the questionnaire 
vere factor analysed and differences in attitudes by sex were studied. 
It was found that''' females considered the use of projects and oral reports 
more important than did males, whereas males preferred small groups and J^ 
perfoyraance on a particular task. 

By far the largest number of affective studies concern attitudes 
toward science* In a survey of primary school teachers in SouthwestV^ 
England, Harvey (117) investigated the amount and nature of science taught, 
the teacher's awareness of modem curriculum developments in primary 
^school sciences, the effect of sex differences, and the effect of science 
training on the attitudes of primary school teachers. He found that male 
teachers were more likely to teach more science, were more aware of modern 
curriculum developments, and were more interested in primary school 
science thaij were female teachers, He also found that the length of 



ERLC 



training in science did not affect the amoi^nt of science taCTght bUt did 
seem to affect the Quality of the science taught • 

Symington and Fensham (287) investigated teacher attitudes toward 
8cience*with respect to dogmatism. They studied 72 teachers of fifth and 
sixth grade science in Australia to determine how dogmatism, attitude 
toward science in congruence with new curriculum influenced the ad9ption 
of "new** science programs. They used Schwirian^s Science Support Scale 
(Tri-S) to test these teachers' attitudes toward sx:ience,, They found 
that teachers who felt compatible with the new curriculum materials and 
teachers who had a good attitude toward science were measured^low in 
dogmatism. 

4 * • 

Buckley (40) studied teacher and pupil attitudes toward science as 
a function of whether or not a science specialist worked in the district. 
The study involved 96 teachers arl3 2277 students from 4 different towns. 
Two of the towns had a kindergarten through sixth grade science specialist, 
while the other two towns did not* ^ Teacher attitudes toward science were 
determined by using Moore and Sutman^s Science Attitude Inventory (SAI) , 
Student attitudes toward science Were measured by the semantic differential 
Science and Me test* Student science achievement .was measured by the i 
Stanford Achievement Test at the primary levels and Science Research 
Associates' Science Achievement Test at the intermediate levels. Results 
of th$ study showed that the teacher sample of the specialist towas had 
significantly more positive attitudes, toward science than did the comparative 
^sample from the non-specialist towns. Also, the total student sample 
rrom the specialist^ towns had significantly more "positive attitudes toward 
scienc^tKan did the comparative sampSS&^pm the non-specialist towns. 
No significant differences were found ^iretween the groups ' concerning science 
achievement, 1 ' - 

The remaining studies s'ummarizA here are concerned with students' 
attitudes toward sci^ence. Ward (30A) studied high school biology, chemistry; 
and physics students in 12 states to assess their .attitude toward science 
as a function of class^^si.z^i^.^At'bitude toward science was measured by 
Moore's Science Attitude Inventory (SAI), In addition to this, achievement 



65 

tests were given to* these students. The results showed that there was 
no evidence of a, direct relationship between small class size and jgood 
attitudes toward science. There did, however, seem to be strong asso- 
ciations both between achievement and attitude and between achievement 
and class size. The author of this study' suggests that achievement serves 
an intermediary role between class size and attitude, He hypothesizes v 
that class size affects achievement and that achievement then affects^ , 
attitude.' ^ ^ • . ' 

In two studies, Novick and Duvdvani (213 and 214) studied tenth grade 
students in Israel to assess their att^ftude toward science as delated 
to school and student variables. The attitudes of students at agri-- 
cultural schools were less positive than were those of students at either 
academic or vocational schools. The type of curriculum ("new*' science 
or traditio'nal) had no effect on attitudes. Students from Western 
extraction cultural backgrounds had more positive attitudes than did 
tl\ose students of Eastern extraction. These researchers used Moore^s 
Science Attitude Inventory (SAI) and also did a,^^ro,ss cultural comparison 
to identify, the relationship between Israeli students and those in the 
United States. Scores of a stratified sample of 684 tenth grade students 
in Israeli schools were compared^ with scores generated by a simij.ar study 
done 'in the United States. The results of this study show remarkable 
similar attitude pattetns between the two cultures. 

In another foreign study, ^this one done in Australia, Gardner (104) 
studied physics students' attitudes toward physics as a function of pupil 
and teacher personality characteristics. One thousand-f ourteen high 
school students using PSSC materials were studied using three instruments 
developed in previous studies by th^^ resea^her. The Physics Attitude 
Index (PAI) assessed students' views toward physics learning on four 
categories: (1) authoritarian/non-authoritarian, (2) physics as an open/ 
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closed process, (3) views of scientists as normal/eccentric people, (4) 
physics as enjoyable/not enjoyable. This test was given both as a pre- 
and posttest for the study. In addition to this instrument, th<^ersonal 
Preference Index (PPI) measured personality characteristics. Several 
scales were developed from this instrument including: achievement. 
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conjunctivity, deference, play, understa^nding, order, nurturance, and 
.energy, A third instrument, The Physics Cla^sfoom^ndex (PCI), provided 
scales concerning student needs as they occur^ in a classroom, These 
scales included competetivene^s , organizatiW, compliance, pleasure, 
intellectualization, compulsfveness, warmth, and^^jjiimulation. The author 
found that students high on nurturance^ had small but significantly more ^ 

favorable attitudes toward scientists. Students high on achievemient 

* \ ■* 

and understanding were more favorable toward non-authoritarian modes and 
enjoyed the subject more. Students who described the teacher as well 
organized and intellectually stimulating also enjoyed physics more. 
' Achievement-motivated, intellectual students tended to hold more open 
views of physics. However, achievement-motivated teachers promoted a 
more closed view. Pupils who were warm and friendly, and also those who 
were submissive and conformist, were more likely to regard scientists as 

V 

normal people than as eccentric people,' Overall, this study showed a 
sharp decline in enjoyment of physics by students who took this course 
using P^SC materials. ' , 

^ Aii overall summary of the attitude data collected by the preceding 

studies can be summed up in several statements* Males have better atti- 

« 

tudes toward science than do females. Higher achieving stude^nts have 
better attitudes toward science than do lower achieving students. These 
results are not particularly surprising. The first result has been part • 
of the popular belief for- quite a long time. Perhaps this will change 
In time and be reported differently by research summaries of the future* 
The second result is a reflection of one of the weaknesses of correlation ^ 
- type studies, a weakness which might be called the chitlken and egg 
syndrome. It is difficult t-o tell whether attitudes cause achievement 
*or vice versa* It is difficult to come to any sort of .conclusion about 
this from the studies .that are, reported here. One final result of 
summarizing these attitude studies is that Msore's Science Attitude 
Inventory seems to be the most widely used instrument for assess>j.ng atti-* 
tudes towards science. * 

9/ , 
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Instrument Development 

J 

M^y of the evaluation researches discuss'ed in this chapter involved 
the development of instruments in order to collect pertinent data necessary 
for the proposed research. Many of these are specific to the research 
being carried out'or are too limited to be of general interest and 
application. Some, however, show promise of value outside of the research 
setting in which they were developed. Of these, some are interesting only 
because of the techniques or procedures used in development, Thes'e will 
be ^iscussed in the next sub-section. The following is a brief descrip- 
tipn of new evaluation instruments which might h^ve some general use in 
science education research, 

Sinc6 most of the new f oundation-su'pported curricula developed in the 
last decade involve teachers in using^ inquiry teaching techniques, there 
is a great deal of concern about secondary science teachers being able to 
exhibit appropriate behaviors, Lazarowitz and Lee (163) have developed 
^an instrument for determining the inquiry attitudes of secondary science 
teachers called The Inquiry Science Teaching Strategies .instrument CISTS),, 
The instrument consists of forty Likert-like items which are positively 
and negativeh.y related to the inquiry approach. Sample of items posi- 
tively related to the inquiry approach are: "students £re often capable 
of designing valid experiments**, and "it is desirable to present to stu- 
dents ^science questions to which answers are not .necessarily known," 
Examples of items negatively related to the inquiry' approach are: 
"questions which ^re integrated in the text are confusing to Students and 
should be omitted," and "a primary role of secondary science teachers is 
to design the investigations to be done", \[alidity was judged by a panel 
of expert judges. An item apaly^sis lent further support to the iiistrument* 
The alpha-cpeffdcient reliability .of internal consistency averaged between 
0,A8 and 0,85. 

Another instilment used to measure attitudes, this time of elW^th 
grade chemistry and physics students, is the Test On Scientific Attitudes 
(TOSA), The developers of this instrument, Kozlow and Nay (152), criticized 
what|' they identified as four sjiortcomings of other Bttj^tude measures. 
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These researchers say that thejf: (1) are too general, C2} lump several 
dimensions under the caption of attitudes, (3) show no discrimination 
between cognitive and affective components of ...^r^ti^de, and C4) do pot 
adequately .I'ilpresent classroom situations and experiences. Taking the 
point of view 'that attitudes must be inferred from the behavior of stu- 
dents, these researchers developed a multiple choice format test with - 
tfie stem of each multiple choice question describing a situation relative 
to an attitude. The distractors of the questions defined different^ courses 
of action that a student Height take which represent different scientific 
attitud^^ In developing the examination, the researchers developed 
behavioral defi^nitions of -eight attitudes: (1) critical-mindedness , C2) 
suspended jui^^ement, (3) respect for evidence, (4) honesty, (5) objectivity, 
(6) willingness to change opinions, (7) open-mindedijiess , and (8) questioning 
attitude. The behavioral definitions of .these eight attitudes were 
used to develop interns. Forty items survived to form the final test. 
Twenty of these items make up the '^cognitive component" subtest of the 
total examination and describe a situation which a scientist might 
encounter during his work. The student is then asked to sele& f rom Vour 
courses of action the one which is most appropriate for the scientist. 
Twenty iteiiis make irp the "intent component" subtest which- presents a 
situation whfch the. student may encounter in the sciencfe classroom or in 
everyday activities. The student ' again is asked to select one from four 
alternative courses of action which represent his reaction to the situ-- 
ation, Test-retest reliability judged by th^ KJR-20 was Q,71, Content 
validity was determined by a panel of judges and structural validity by 
factor analysis. . * ^ 

Molitor and George (196) have developed a science process sjcills 
examination to assess^the inquiry skills pf inference and verification 
of fourth, fifth and sixth graders. In an attempt to be consent f r-^e^ 
the items were based on common, everyday experiences (for example, a ^ 
window breaking). Items and item distractors were in the 'form of 
illustration and test instructions were read to the students. The test 
was administered in a ^oup format. Items are in a multiple choice format,'' 
There are nine items for each |Jcill, Validity was determined by a panel of , 
judges, KR-20 reliability average for the three grades' for the inference 
test was only 0,56, Verification reliability was high, at 0;75, 

4 \^ 
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More emphasis is being put on the role of science instruction in 
helping students develop self-concepts; both "generally and in science. 
Sellers (26A) has developed the Self-Cpncept in Science Scale (SCSS) , 
Items for the scale are Likert-like items divided into two categories, 
the "operations of learning in a science classroom", and a general self- 
concept scale. The "operations of learning in a science classroom" 
subscale consist^^of questions concerning science processes such as 
ob^s^srving, comparing, classifying, et-c. , and methods and techniques of 
learning, such as taking notes, testing, reading and others, The general 
self-concept scale consists of three subparts, identity, self-satisfaction 
and'behavior . Content validity-was dietermined by nine judges. To^l 
agreement resulted in keeping 63 statements in the Likert-like five- 
dimension scale. Sttittents were' to use the item statements as self 
descriptions. Validity with an existing self-concept scale, the Tennessee 
Self-Concept Scale, were 0.43 for the ^dentity section, 0,44 for self 
satisfaction, 0.42 for behavior, and 0.48 for total composite. Test;- 
retest reliability with 142 tenth grade biology students as subjects 
was measured at 0.82. The test can be (^gpleted in 15 minutes. 



c xne test can be (^&p 
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Anderson and Herrera (8) attempted to translate an existing attitude 
scale into Spanish, According to these .authors , the problem in trans- 
ferring from one language to another is not just a translation problem, ^ 
but also invo]fves the evaluation of culture-bound items. They developed 
a Spanish vei;sion oi the Allen Inventory of Attitudes Toward Science and 
Scientific Careers, a 95 item Likert-like scale. The^^Spanish Torsion con- 
sists of 38 Likert-like items. It was used with college\age students. 
Its reliability coefficient alpha was 0.89 and 0.80 in twoNlif f erent uses. 
The authors argued tl^at a battery of such Spanish and other foreign 
language truments is need^. 

Science education needs well standardized systems for all phases ^ol 
evaluation in science .education. These "tools" are necessary for the pro^ 
gress of research in this field. The continued proliferation ^f instruments 
is a necessary cvii until a battery ^of wtill developed, reliable, and valid 
instruments can., be developed, A system Tor categorizing and storfng these 
instruments for retrieval by researchers in the fdeld is* needed. Some ' 
sort of crit^al evaluation of existing instruments needs to be 'made and 
continually updated. ^ ' x 
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Evaluation Methodology 

This discussion is concerned with the techniques and procedures 
of evaluation presently being ufeed to do science education research. 
Some of these studie^ are concerned with formative evaluation techniques. 
Ciesla (55), for example, tried to determine what types of feedback had 
the most influence on the Revisions of instructional materials developed 
by writers in the Individu^|kzed Science Instruction System CiSIS) project. 
The most influential typ^es of feedback which resulted in revision were 
verbal or audiotaped feedback from teachers. Feedback that involved 
information obtained from students who used the instructional materials 
received the lowest riting. The author concluded that informal and verbal, 
that is non-quantitative, feedback was rated as being more< influential ^ 
than was feedback that was more formal, less verbal, and more quantitative. 

Interaction analysis instruments also continue to be commonly used in 
evaluation research^ Platts (231) ^suggests a new technique of using 
time-lapse photography with a moving picture camera to study classroom 
movements utilizing npn-verbal interaction analysis instruments. Sta 
tically, multi-variate statistica^l analysis seems to be used more and 

more commonly in science education research* 

\ 

Three techniques or procedures, however, seem to be much more commonly 
used than in the past, and therdf^ore re^^uire discussion. These are the Q- 
sort, ethono^graphic research, and contend, analysis . 



Q-^C^rt is 



The Q^rt is a fa ±xly old technique ,^ or method, of rank-ordering a 
large number of irems into categories. It is used as an i^valuation 
instrument, usually for som^ sort -of affective study (attitudes, values, 
opinions^. Typically, subjects are ffeked to sort items into ca^:egories 
according to specific criteria. These items arQ sometimes printed on 
separate cards, and students are asked to sort the cards into a forced 
normal dist^ribution. Analysis can be caVried out by a large number of 
techniques including what is called a Q- technique, a version of factor 
analysis. Q-sort and Q-sort-type ins-truments are again becoming popular. 
Toews (294) used a version of Q-sort called a free-sort to measure 
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Ethnographic evaluation methodologies^ are also gaining popularity and 
greater use ^n science education- These types of studies, which consist 
tnostly of case studies or what might be call.ed anthropological field 
studies, ca^ be very useful in studying curriculum implementation and 
school procedures. Harding (115) studied the Use of the ^ase study method 
of inquiry to assess the implementation and evaluation of Nuffield 
curriculum materials in Great Britain. Questionnaires, structured md 
unstructured interview techniques we^^^^^uTeJK.^^^ case study method, 
Harding thinks, is useful for generating' hypotlieses and, because it is 
more open than techniques like questionnaires, is not as limited, In^ 
sight can be gained when combinations of these instruments and techn|.ques 
are used, Harding used the case study techniques to study the communica- 
tion and support for change for school science education. Harding 
concluded, among other things, t'^at change which is initiated from 
outside is most successful; when it builds on or creates dissatisfaction 
ith the present situation, when it builds on an acceptability for change, 
when it is adaptive to a local 'situation, and when resources insure the 
feasibility of the change. She. further concluded that there are problems 
if the change requires the teacher to assume a changed identity or if the 
change is in conflict with vocational aims of science education. Teacher 
attitudes, an exposure to communication, openness to change, initiative, 
independence, and leadership are all factors affecting the success of 
curriculum impl^entation. ^ 



School proceoures affecting decision-making and participants most 
important to the decision-making procerss in schools wete studied by Werner 
C306) ♦ , UsiiTig case study techniques such as review of records of important 
meetings, interview's with staff members, and other formal and informal 
techniques and instruments, the came to the conclusion that the most 
important internal participants in the decision^ making process were, 
in order of importance, elementary school science consultants, super- 
intendent of schools, elementary school principals, the director of elemen- 
tary instruction, th e assistant superintendent of Schools in charge of 
Instruction, class^(^ teachers, and lastly, studeff'ts. 




, Davidman (72) carried on a rather extensive anthropological field 
st^y to evaluate the effectiveness of a curriculum prc^ject's training^ 
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TQodel for teachers. Showi^ng how. the problems to be^studied and the 
techniques for studying them evolve as a result of a personal interaction^ 
and involvement with the curriculum project was the object of this 
research. While studying the curriculum materials, he developed doubts 
about the project's implementation and diffusion strategies. Using 
hybrid methodologies, investigatives, strategies closer to that of ethno-- 
graphy ani the conceptualization of prt criticism than 'to. standarized 
research methods, the design of this , research study evolved; The ^ 
techniques used varied from traditional to more innovative and informal 
approaches. Tape recordings of lessons, super-^S filmings, structured 
Interviews, written observation notes. of class events., a diary , attitude 
Inventories, questionnaires, an analysis of curriculum documents, and 
oral dialogue's with key personnel were\ techniques which became part of 
the stjidy procedures. Th^ unique role of the participant observer and the 

process of getting involved in the curriculum project, gives the researcher 

f 

a special vantage point. There are several differences between anth-- , 
Topological research and more traditional research; inquiry is 
naturalistic rather thap dependent on experimental techniques, research 
Is not necessarily started or ended with hypotheses, methods of study 
evolve as the researcher proceeds rather than being planned out in 
advance, there is more emphasis on intuitive observation and eclectic 
and hybridized methods, there ^is more personal involvement of the 
researcher in th'e project, and the approach is more informal than in more 
traditiojial methods. 

Even though ethnographic ^research techniques can be criticized for 
being non-objective, it is obvious from studying these reports that much 
valuable information can be developed from techniques of this sort that 
would not come out of more traditional research strategies • In the hands 
of a comj^etent and self-aware researcher these techniques can be very 
. valuabl^ for assessing the impact of curriculum materials. 

Content analysis is another research metholdology which seems to be 
gaininlg influence in assessment and evaluation in science education. 

The key 'to .this type of research seems to be the development of objective 

*■ 

checklists for observation instruments to apply to the content of the 



curriculum materials, Kent and Simpson C1^7) , for example, examined five 
biology textbooks to analyze their coverage of six related topics as « 
defined by SIECUS, using index and page counting techniques, 
They^ compared the coverage of these textbooks with topics suggested in 
their criteria, ^ 

A much more extensive content analysis was performed by TaFoya (^88} 

who developed an inquiry potential analysis instrument to do content ' 

analysis comparisons between a textbook versus the SCIS elementary science 

curricula materials. An qperational definition of inquiry potent^ial was 

used to develop a set of standards and a category system was developed. 

The category system was established as the first .process in the analysis. 

Randomly selected sentences of the two curricula examples were categorized 

and knowledge claims w-klch were imbedded^ in the programs- were ^identified' 

and q uantified. The second process of analysis involved examining the ^ 

knowledge- claims ^nd the manner in which they were to be verified by stu- 

dents. By examining the sentences from the^ teachers^ guides as units, tt 

was found that 48 percent of the sample of the textbook prograiu^contained 

either pseudo-scientific assertions, which were' contusing or ^non-verifiable, 

or theoretical knowledge claims. Thirteen percent' of the statements were 

found to be experime'ntal knowledge claims that should require children to 

« 

observe some natural phenomenom for their verification. Yet examination of 
procedures provided for verification revealed only confirmation activities* 
in which results were known beforehand. In contrast, the SCIS program con- 
tained no pseudo-scientific statements, only 4 percent of the sample 
Was found to consist of theoretical knowledge claims, and 47 

which provide information only^ about how we haVe agreed to use, words, or 

experimental knowledge claims. Examination determined that experimental ^ 
It ^ 

claims^h this program required empirical verification by students, princi- 
pally through guided inquiry, active investigation, and collection and analysi 
of data with no prior knowledge of expected res^ults, 

* ~ J 

There seems to be a high potential for farmal'and informal evaluation 
methodologies to be used in science education. All of those described, ^nd , 
many others which are presently being used, should become part of the repertoire 
of techniques which are used by researchers in appropriate contexts.. 

O ? 



Jhe Use of Media in Science Education 



The use of media irf^ instruction has concerne^d .educational r^s^atchers 
for a long time. This review of i?esearch into the use ,of -media in science 
education is concerned with the yse ami ef f ectivenes>s^:^ certain hardware 
such as television, movies, and computers; and the studly of strategies of 
instructional presentation, such as program instruction / audio-tutortal , 
Instruction, and simulation. Although science as a discipline has m^de 
common , use of many of the traditional instructippal media, such as film, 
for the most part it continues to depend on the ^laboratory as the major 
source of variety in instructional p^resentationfT Recetitly, however, 
simulation games, audio-visual strategies, and combinations of media have 
interested science education researchers. To some extent, media have been 
used as substitutes fc^r direct .^^erience. There are three possible reasons 
for this substitution. First, the direct experience could not practically 
be provided in the school setting, therefore some simulation or repre-- 
sentation of the real experience had to be provided. Secondl]^ the use of 
simulation was more efficient. Usually, this meant Simulation had a * 
cost benefit, a time benefit, or a mai^ower benefit .which made it more 
reasonable to use under the constraints of a classroom situation. Finally, 
simulation was considered to have an educatioft^l efficiency. It was possible 
to do a better job using media than it was withput ib^^ use. -*This some- 
times meant that the real experience was too complicated to be understood/ 

The study of astronomy is one area where* simulation has recently played 
a major role in instruct iOTSir^trategies. Because of the difficulty of 
obtaining data affd information from the heavens directly, and because of 
the inconvenience of studying the,*Jieavens duriag daylight hours, simulation 
has played a heavy role in the 'study of astronomy cojicepts. Lang (154) 
compared students using compruter graphic Simulations with those who' used 
the multi-media matarial developed by the Project Physics Course during the 
study of the Project Phl^fTcS^unit "Motion in the Heavens". Thirty students 
were randomly selected to serve as subjects. The simulations presented ^ 
sect.ions from the text as well as laboratory experiments.. The control ^ ^ 



group attended discussions and dJpPlaboratory cxpcrimbats^ from the Project 
Physics handbooki Studeiits were tested at the concIus(^l>n of the units by. 



using a Project Physics test and responded to an attitude questionnaire 
about the computer. * Ninety days later both groups were retested on the 
material in the unit. The findings of this study indicated that there was 
no significant difference between the experimental and control group gain 
scores on the achievement t^st. Using IQ as a covariant, ^the experimental 
group scoyed significantly higher than did the control group on the reteist 
given ninety days after the conclusion of the unit*. TJie experimental group 
seemed to have a higher .positive .attitude toward the computei; than did the 
control group. . \ 

Several research studies looked at the role of the planetarium as a 
simulation device in teaching astronomy."^ For eo^mple, Smith (272) studied ' 
three methods of teaching constellation recogniti<5ti to differing age 
groups. The three treatments were: (1) teaching constellations in "^ihe 

' classroom by using 35 mm slides of hand drawn constellation star fields; 
C2) teaching constellations in the planetarium by meatis of 35 mm slides of 
hand-drawn » constellation star fields; and (3) teaching constellations by 
means of a planetarium sky. The 'three age categories were children, 
teenagers, and adults. One hundreds-three subjects completed the study. 
The results of the study indicated^hat : CD regardless of treatment, 

' all age graups performed approxi^mately the same whe\i evaluated under the 
real sky; (^2) when evaluated by a paper and pencil instrument, those, sub- 
jects tjho were instructed under the planetarium sky scdred significantly 
lover than those receiving treatmfentfe involving slides; and (3) the sub- 
jects receiving the slide treatment in the planetarium reported more positive 
responses *to the study of constellations than did the subjects receiving 
the other treatments.- . * . 

\ . , 

Etl)erldge (88) also studied simulation by comparing planet;arium iristruc- 
tlon versus two dimensional slides representing the constellation sphere, 
* *yhe experiment was a "^osttest-^nly control group design. The experimental 
grp'up received instruction using a planetarium. The control grdup was 
treated identically in location and oral presentation via a recording , but 
substituted tvo diraens£onal representation of the celestial sphere pro- 
jected by slides foi^ the visual component. Four elementary astronomy classes 
from 'two California vconinunity colleges participated in the experiment. 
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Each class received each treatment for each of two topics; the sun and the 
seasons, and the moon and 'its motions. Each treatment period lasted 3Q ^ 
minutes and was followed by a 15-minute posttest. The posttest consisted 
of three types of multiple. choice items. One set had a visual component 
similar to the simulation treatment, and the other had a Visual component 
similar to the representation treatment. The third set of items was entirely 
verbal and had no visual component. All subjects were additionally ad^n- 
Istered-a Verbal aptitude and a spatial aptitude test. The results of the 
study indicat^ed a definite positive .correlation between performance on the 
^)OSttest and spatial ability, regardlesjs of all other variables. No such 
relationship was noticed with the verba\l al^ity scoCes, Post facto 
analysis indicated that this relationship was colinear. The posttest versus 
spatial aptitude score regression slope .was significantly greater for sub- 
jects scoring. above the spatial ability grand mean than for those scoring 
telow, Etheridge niade several recomendations based on the study, including: 
Cl) that spatial aptitude tests vould be useful in identixying students who 
have a high probability t>f experiencing difficulty with highly v,isual 
materials In elementary astronomy, and (2)/^any decision^ regarding the 
feasibility of^nstalling a planetarium-in an institution should be based 
on considerations far broader th^n just cognitive factors^ Effective areas 
^\ such as motivation and satisfaction are -important , though little^-studied 
at this time. ' * . 

^ ■ ' 

^ ' It seems that even in places where substitution for the real thing 
seems necessary, that there is little evidence that these simulations are 
effective on a cognitive level. It might be that some topics, such as those 
concepts found in astronomy, are sp. abstract that those students who can 

• 4 ft 

deaJL with ^'^stractions ea'sily do not have a particular cognitive preference 
for si-mulati^s such as those provided by the planetarium, Ivhile on the 
other hand', students vho are less able^ to handle abstractions iijind learning 
the concepts taught through 'the use of a planetarium just as difficult as 
they would 'by viewing the sky. Even though^ they are dealing' with th^ real 
world, their access to that world requires abstract thinkin^i abilities 
they do not possess, ' • , , 
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Several studies explorea the use of media as an economic factor. Piper 
and Buttsc (228) studied the effect of a televised inservice program for- ^ 
elementary science teachers. They explored' three questions. First of all, . 
.can' a TV inservice program adequately prepare teachers to teach science? 
That is, can they give the compjetencie.s of the lessons to be taught? • 
Secondly, can a 'TV inservice program help inservice teachers- gaiji a more 
positive^ attitude toward teaching science? Finally, will there be an 
increase in the scienc^ ^c^tivities taught in the classroom as the result of 
a TV inservice program? Seventy'^Wx elementary science teachers who chose 
to participate in impl^aejiting Science-^A Process Approach (S-APA) were the- 
subjects of the study, Eif teen^meetings lasting 30 to AO minutes were held 
once a week and the teachers were instructed with a television component. 
Materials were used with a teaching assistant at the local level. The 
results of a science competency neasure indicated that the subjects did^ 
for the most part, gain the competencies of the lesson- to be taught, A 
,pretest-postte^t semantic differential attitude instrument indicated that 
attitudes were more positive after the TV programs than before. At the 
beR^rming of the study there were no science lessons being taught. This 
increased to a steady average of two activities per week per teacher after 
just a few sessions, , This, trend continued for the period of training, 
Piper and*Butts Concluded that science inservice programs via t^fevislon 
is a reasonable method to efficiently make use of time, place, a^ resources 
for- schools with access to television, ^ " ^ • 

These researchers alse^^dicated that the study was limited to the 
success of initial\.mplenentation, A study of the long range eMtfct of 
materials , such as these is also necessary. Will these teachers continue 
to teach two activities per teacher per week after the-training period is 
completed? What factors are necessary to keep the level of elithusiasm 
engendejred *by this program? Se-^^^al- other questions are raised by thi^^^ 
research. How does the^T^T^inserv^ice program compare with other methods of 
implementing the saae' ma U?0^i^<rFinally , would this method work with less 
highly 'structured fe^g^i&rrt^rTs^enj^ progr^jps? 




Ben-Zvi and otl]^ers(r4, 25) studied the effect of= experimentation in 

le 



hi^h ^^j^^^ chemistry versus the use of Cilcls -to^ea'ch the same material 
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covered in the experiment. Two groups of tenth grade Israeli students were 

r 

instructed in chemistry using either films or <laboratory experiments. 
Effectiveness was measured usin^ four measures* An achievement test in 
chemistry consisting of 25 multiple cho*i6e items was used to measure „ general 
achievement. Specific knowledge was judged by using a written test mea- » 
suring experiment^ techniques and the underlying knoyledg4 fot the chemical 
experiments, practical tests, one assessing manipulative skills and the 

other assessin^r planning of experimental procedures, were also carried out. 
And finally, a^ observation test was carried out to assess skills performed" 
in the laboratory. Three hundred-t*hirty tenth grade students,' 150 in the 
film group and 180 in the e\q)erimental group, received^a^f ive-month treait- 
ment' consisting of 11 key experiments. The experiments, either , taken ^ 
di^rectly or vicariously, depending on which group the students were in, 
consisted mostly of two activities: (1) the collection of qualitative or 
quantitative data and other observations, :and (2) the interpretation and 



evaluation of the collected data. The results indicated that the experi- 
ments wer>e bette| only at helping students gain routine manipulative skills. 
A questionnaire zonsisting of 4w^kert-type items was^lso administered to 



these groups, which indicated that Voth groups found personalized lab-- \ 
oratory more effective th^n filns in promoting ^ their interest in chemist 

^ Results of the preceding ^?udy indicated that laboratory activities 
presently being used in chemistry are no better than films froia^ cogiiitivfe 
ppint of view. Obv^iously, these laboratories are not designed either to 
teach students to' learn to design and carry out experiments or^ to teach 
specific knowledge. From a cognitive point of view, we are wasting cur 
time and money with the presently available laboratory materials. They seem 
•to be good only fot helping students gain routine manipulative skills. 
Several possible recoinmendatio^s might be based on this kind of research: 
(1) One might ^y tha^ are, wasting our time and mor^ey on laboratory 
material, andl^^HpF shoul^ seek other ways o.f helping our students learn 
manipulative skills; (2) One might take the approach, that the ^Rivational 
factor by itself justifies the expense and time which out*- students spend 
(Jolng laboratory work; and (3) Presently available. materials are not worth- 
while and we should sp^nd tine a^nd energy in developing dif fer^jt' ^tLypes of 
laboratory materials which in fact 'meet the objectives which w^ feel are 

worthwhile. . . ' ^ 

* ' ' . -CO . J ' - 
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One of the techniques of using instructional media ^s a presentation 
device for teaching a science is the audio-tutorial a^pproach^ Nussbaum 
and Novak (215) Studied i;he effec.t of audio-tutorial lessons to teach ^ 
second grade elementary school students. Twenty-six students were given 
six audio-tutorial lessons on earth concepts, such as *^the earth is round," 
*!^he globe can be used as a mpdel for the earth," and ."gravity*.'* Each of ^ 
these audio cassette tape ^lessons, use?!^i^ conjunction with manipulative 
materials, lasted between 15 and 20 minutes. The audio-tutorial cassette 
gnided students through experienfces With objects and materials. Piaget- 
type interviews designed to assess .understanding of ^rth' (foncepts were used 
to judge the effect of these lesions. Results of this study indicated th^at ^ 
there were no significant advances in the studehts' concept of the earth ^ 
as a result of using these aodio-tutorial lemons. According to these 
researchers, these results ,stapd in contrast to other experiments done on 
audio-tutorial materials at Cornell. They add that this may be the result 
of the necessity of using models and other abstractions rather than direct 
experience in the instructional 'strategy . ^ 

* * A 

In another study, of xhe audio-tutorial materials with elementary school 
students, Dech C74) compared the effect of immediate reinforcement in Teed-'* ^ 
back on the cognitive gain of elei^entary students using a commercial audio- ' 
tutQvt^ metric unit. The '50 students in the experimental group consisted ' * 
<St 22 third graders and "28 fijth graders. .The control group consisted of 
23 third graders and 27 fifth grarders* Both the experimental and control 
' groups were given metric instruction using the s^me audio-tutorial material. 
Audiotapes given to the 'students in the experimental group contained icsne- 
diate reinforcement M feedback, while those given to students in the control 
grOup did not. Both g^roups were pretested and pos,ttested to determine 
cognitive gain. The results of this study"" indicated that immediate rein- ^ 
forcement» arid feedback, as presented in the study using audio- tiSl^rial . . 
mode, Was n^ a significant method for increasing ej.ementary students' 
'cognitive understanding' of* 'the metric system, 

Rastovac (2A0) studied the effectiveness of a mastery learning strax^^ • 
in promoting cognitive "growth of secondary students ./^ Three high school 
biology classes from both innercity and rural backgrounds were used for this 
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Study* Plaget-type tasks were used as pre- and posttests iq a written* 
summativ^ examination based on the objectives ^of four audio-tutorial 
units. Classes at both schools received three treatments: (d) audio- 
^tutorial approach without mastery learning strategy, (2) audio-tutorial 
approach with master)? learning strategy, and (3)' teacher directed inquiry 
• with mastery learning strategy. Tour iitdiv^jdualized audio-tutorial units' 
were utilized. Each unit presented behavioral objectives; study guides, ^ 
additipnal experiments, and a final summative evaluation. The results 
showed no significant differences in ppsttest^total scores due to the 
treatment. 

Direct concrete experience is, to a large extent, possible in science 
to a greater extent than in other disciplines. I|i some cases, astronomy 
for exam^e, it is difficult or impossible to use direct experience in 
teaching and learning tfeis material. If the learners exposed to this 
inaterial are sophisticated enough. to deal with the abstraction implied 
by simulation, it seens reasonable to xxie simulatfons or other media in 
substitution Vor the direct experience. However, in the case of students 
who cannot deal with abstractions, there is a serious question whether , 
this doe^ any good\ The quesi;ion arises, "Should we limit the elementary 

' .curricula ico c,oncepts which can be represented as. direct experience?" 
The answer would ^seen to* be '*Yes." Enough concepts seem to ^e available 
that c^n be presef\ted^ at a concrete le^el to provfSe a reasonable science 

'^curriculum. The more abstract concepts which require less direct methods, x 
,of approach, shouW be sayed for those learners who can yeal with them. 
Although approachj^ such as audio-tuto^al systems of instruction e^h be 
Justifi-e^ on the b^sis of their cost, t^^e, and nianpower efficiency, it 
is still noC. clear whetfher these nfethods of instruction, are 'more ef fee- ' 
tive 'from attitudinal or .cognitive staifi^point* than ar6 more traditional^ v 
approaches, ' •' ' • 
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The- Concepts, Processes, and Content of Science / 



5lst of studies 



The research summarized Iff this chapter will consist of studies of the 
concepts, processes, and content associated with science. Most x>f these 
studies are descriptive in nature. Many of these studies look at specific 
units of content, concepts and processes. Others concern themselves with 
syllabi of consent in a particular are^. A f*few of these studies. are ^ 
experimental. These experimental studies are concerned with the optimUln^-^i^i^''' 
conditions under which specific processes or concepts can be\learned. 
Several of these studies looked at aptitude/treatnfent interaction effect. 
Student characteristics and instructional methods are*^he parameters ^^^^^ 
often studied. 



Syllabi* 

Host of the <^tudies' summarized here are surveys, attempts on the part 

of the researcher to sample the content, processes, and concept's which are 

being used in elementary and high school sciencd^ courses in various loca- 



tions. 



Foumier (100) tried to determine if cultural differences exis^ted 



La ted 
nature 



befwedn Mexicaa- and Anglo-American students in- how they^ perc^eive natural . 
phenomena. In order to do this, he used the Science^ Concepts instrument 
(SCI) to suYvey the science knowledge_pf 298 fjlfth grade students, some of 
whom were Mexican-American and others who were Anglo-^American . The avail- 
able fifth grade text and other curriculum materials were u?ed to select 
the ;Science concepts tested in the instrument . The following conclusions 
are based oi^j|^rpretation X>f the survey data. Shores on the SCI correlated 
signif ican^l^^^th the 'father's educational level. significant correlation 
also existe^d between the scorch's on the SCI and sex within, the Mexican- 
American group, buf^not within the Anglo-American group. Scores on the SCI-- 
correlated significantly with school science 'grades for th^ Mexican-American- 
group only. -Correlations between the Science Concept Instrument and cultural 
background,' language background, age, and father's occupational level revealed 
no significant differences between Mexican-i\merican and Anglo-Amec^can fifth 
g'rade sfudents. ' % ^ • • ^ ^ 

V \ • ' * 
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. Batten (20) studied ninth grade earth science students and their 
ability 'to use the processes of science! He tried to correlate this ability 

with the student achievement level, the students* science curriculum 

\ 

experience, and aspects their teacher's educational^ instructional experi- 
ence. The Test of Science Processes was administered to each student in 
AO^elected sections of ea^th science. * The analysis of the data indicated 



the following. ' Results indicated that SCAT quantitative i:est secures were 
si^ificant student achievement predictors for the use of science processes 
as measured by fhe Test of Science Processes, Previous science experience- 
was significantly related to the student *^s ability to use science processes. 
Students who had completed an Introductory Physical Science CiPS) course 
showed a higher ability to use t^e processes "of sdftence than did their 
counterparts enrolled in eighth grade physical science of an Intermediate 
Science Curriculum Study (I^CS) course, kducational experience, age, sex, 
hours of mathematics, 'area of certification, years of NSF aiademic year 
Institutes and number of mathematics and science center workshops attended* 
were teacher variables which were identified as significant predictojrs^^ of 
^the use ^f science processes by students. Considering the instructional 
experience of the teachers in the sample. Batten concluded that" the fewer 
the number of years of teaching experiences^ t^ higher the ability of 
the teacher's Students in i^ing science processes.. This result may be 
accounted £or by the fact that younger teachers tooK^ their college training 
at a time when process instruction was emphasized^ heavily 

-I 

Jojuistonej and Mughol (139) studied secondary and college level students 
to find out what fundamental phy^ics^^ncepts 'were .the most difficult fpr ^ 
them to understand. Cqncepts reported as most difficult Included differeiTces 
bet;ween sias^ and weight^^magnif ication , indirection, the idea of fields, 
atid potential difference, Abel (1) analyzed questions used in the intro- 
ductory high school biology cori^spondence instruction syllabi Issued by the 
National University Extension Association. The major findings .,of this study 
were that zoology was emphasized over other j;:ontent areas. The methodology 
and history of science were least^ emphasized. Ecology received very ^little 
emphasis in the test. Test items emphasizing low level intellectual skills 
' w^r|^^^jfej-represented . Abel concluded from thesg^rjg^ults that there was an 
overemphasis of biology content in the "high schooj. correspondence syllabi. 



The literature of bf^ogy teaching suggests that biological instruction for 
the present and future should increase the emphasia on problems of conservation 
and human concerns, yet the findings of this study indicated that only ^ ^ 

10 pef^ent of the questions examined concerned these areas. While a review 
of the li.terature suggests that ecological levels of biology should be more 
emphasized, this area was not sufficiently covered in the syllabi exaftitiation • 

Levin and Lindbeck (16/) surveyed five secondary school biology text- 
books to study their coverage of controversial i^ues in biosocial problems* 
The^three BSCS versions were ^ound to rank higher than two other^ widely used 
'high schQol biology ttexts in the quantitative and qualitative use of the,se 

controversial issues. 9 

«*> 

Wofford (315) surveyed secondary school advanced biology teachers, 

college professors of biology, and college biology majors to develop ^ 

model set of c^gniti^e behavioral objettives for a secondary school advanced 

biology curriculum. A list of behavioral objectives was' constructed; from 

the literature on advanced. biolc5gy. These behavioral objectives were used 

^' 

to construct a questionnaire iw which e^ph behavioral abjective could be 

. ' / ^ ^ 

rated as being highly suited, suited,* or unsuited for use in a high school 

advanced biology curriculum* Each behavioral objective was assigned a 

grade by each <if the three, groups. From an analysis 'of these data, a model 

set of objectives was constructed. Of 114 behavioral objectives, advanced 



biology teachers consider^ 31 to be highest ranked , college biology pro'fessors 
consideted 16 to be highe^ ranked. AH groups combined considered 13 behavioral 
objectives to be commonly highest ranked. Signifi^kr^ differences were * 
foun^ between the three groups for only three behavioral objectives. 

Specific Content, Concepts, and Processes . . " . 

The process skill of "hypothesis formation*' was studie4 by Quinn a«id 
Kessler (238) . , These ^researchers studied the rqjiationship between skills 
involved' in a^qui'jring lan»guage and those in an activity based science pro- 
gram. Two ^Ixth grade clashes participated in thc^tudy, one of which served 



as control /group . The other, the treatment group, had Tessons related 
inquiry development and instruction on how to formulate hypotheses wfiich 
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consisted of twelve films and six discussions. It was found that the stu- 
dents involved. in the treatment did indeed improve their ability to 
hypothesize. One of the conclusions of this stiUy was that individi^^s who 
are successful in science are also usually proficient ii* language centred 
activities. Tbe converse was also true. This is in contrast with the common 
assumption u^ally made about language and science skills. --O 

V 

Thiel and George C29t) studied the process skill of "prediction/' which 
they defined as the ability to use one or more j rules from the same or dif- 
ferent rule closes to determine the outcome of an event or series of events. 
^They 'hypothesized that four factors may affect the use of predictions^ (JL) 
experience, (2) ability infer or^o use rules, (3) the types of rules 
available, and (4) the dimensionality of the task. The subjects in this 
study were given Pi-aget tests concerned with sefiation, conservation of 
length, and 'the classification of objects. The results of these (>ests were 
used to judge if the students wer& concrete operational. In the third grade, 
55 percent of the students;^ in the fourth grade, 75 percent of the students; 
and in the fifth grade, 77 percent of the students werj^^^dged to'b-e—con^ 
Crete operational.^ Ninety of these concrete operational students from the 
third, fourth and fifth grades were chosen ^or. the study. Schools in the 
study had no" previous fomal science program; 

Students were given six prediction tasks* *Half of the groups were giyer, 
an algorithm for solving the problem, which consisted of a verbal description 
of a rule type. The other half w^re given no algorithta.\ The results of the 
study ^indicated that, for concrete operational children in grades three* * 
thr^i^h five, th^' skill of prediction develops independent of formal ins true- 
tion in science. There was no difference in the attainment of the ^kill 
betwqen g^ade levels,^ 'It w^s hypothesized that concrete operational 
children may ^ot use rules given to them, unless *these rjules correspond to 



; ^t all 



^p^ocedurtes chat already exist in their own cognitive structures. Thiel and 
""George ha^l originally hypothesized thdt students given the algorithms 
would have less trouble making predictions than those who did not recieve 
these algorithms. This hypothesis was r\oV confirmed by the data in the study 
A further result of the study indtcat^ that children in grades three 
through five had difficulty coordinatpig multiple dimensions when they were 
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^sked to make pr-iedictions using these dimensions. One-attribut^ seriation . 

and classification tasks were less difficult than two-attribut* tasks, which 

In turn were less difficult than three-attjribute tasks. Based on ^his 

study, it was also found that classification rules were easier for students 

in grade three to five than were seriation rules, wRen more than one 

' ' it 

attribute was contained in 'the prediction task. 

Erickson (86) studied the excepts associated with the general topic 
of heat. In the first part of the study interview data were collected and 
analyzed, while the second part involved the construction of an instriiment 
called the Conceptual Profile Instrument CCPI) . This instrument consisted 
of statements about heat obtained from analyzing the interview data. These * 
statements represented typical ideas of children concerning the kinetic and 

caloric theories of heat. Children were^ asked to respond to each statement 

f 

Indicating their belief and their familiarity with the concepts. It^was 
found *th^t fifth, seventh,^ and ninth graders possessed beliefs about heat 
'and temperature which were^ based upon common sense and intuitions developed 
froia everyday experiences.^ Temperature of an object was thought to^ be 
related to the amount of heat possessed by that object, and so many children < 
concluded that the temperature of an object depended in part upon its size. 
Heat, and cold were sometimes thought to be substances capable of 
penetrating objects. Heat was therefore considered to be an active external 
agent accounting for the expans'ion and contraction in melting and freezing 
behaviors exhibited by jnany substances. . ^ . t " 

The specific concept "tree" was stud^-ed by Klausmeier, Schilling and 
Feldmaa' (151) in order to dete'rmine the effectiveness of special lessons . 
in facilitating and attainment of this concept by children. Using a learning 
model called the Conceptual Learning and Development Model (CLD)^ these ^ 
Researchers looked, at the levels of cotwept .attainment of elementary school 
children of the concept "tree." According to this model, there are four 
"possible levels: (1) the concrete level, which consists of the ability to 
discriminate a coricept; (2) the identity level, which consists of the 
ability to generalize two or more forms of the concept and see that they are 
the same; (3) the classif icatory level, which is the ability to generalize 
mtwo or more instances of the concept and see that, the^ are the same; and ^ 
finally, (4) the formal level, which consists of the ability to infer the 

0 * 
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concept. Thfi^vocabulary- associated is connected with a number of researchers 
I Including Piaget^ but the terms concrete^nd formal are not used in the 
^bme way that Piaget uses them. 

Two experiments are reported by this group. One experiment with 103 
fifth grade stua^nts showed that there was no significant effect of the 
treatment on this group. This result was attributed to the fact that stu'- ^ 
dents h'ad already had a high level of attainment of the concept before 
instruction began. The second study had 64 third grade students divided 
Into control and experimental groups. The control group had placebo lessons. 
The experimental group was instnacted using two less6ns on the subject 
"tree." The first lesson was 33 pages of written material which had several 
aspects including an introduction and a presentation of each of the defining 
attributes of a tree. Questions were asked following the presentation of 
each attribute and immediate feedback given to the subjects. The second 
lesson had a rational set of examples an^^^ijexamples to be used to ^ .\ 
discriminate the concept, and 'students w^^^^ht strategies for evaluating 
Instances to see whetheif they were or were not examples of the concept. 
The experimental design went through a number of different stages, including 
an analysis of the concept to be taught, determination of pre-instructior\al 
student characteristics, identification of desired *^evel of ''attainment 
according to the CLS modei?^ assessment of students* prior instructipnal level 
of concept attainment using tests with exercises designed to assess the 
Various levels of the concept, the^^^igning of pictorial and verbal lessons, 
the actual instruction) the assessment of the students * post-instructional 
level of the concept, and evaluation of the refsults. Results with these 
third grade students showed that the expetimental group- performed better 
than did the control group on the tests for the formal level of attainment 
of the basic concept present^. The researchers recommend that such lessons 
can be valuable in facilitating children's attWnment of 'n::oncepts such as 
this one. At the samedtime, they re^commend the use of concrete experience , 
vith younger children and children who have had experiences with examples 
of a particular concept: 



Novick and Menis (212) did a small scale study of high school chemistry 
students in Israel to check their understanding of the "mole" concept • 
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The mole concept was developed with a textbook approach, not obviously 
experimental^ although some of the concepts were used to interpret experi-^ 
merits 'lising verification laboratories. A structured interview consisting 

21 items assessing levels of concept attainment from defining the. * \ 
concept to .using the concept to solve problems, was developed. Student 
answers to the 21 items were taperecorded and analyzed. Misunderstandings 
about the concepts were developed frotn a ''wrong answer'* analysis. A 
product moment correlation Setween IQ and the score pn the 4-nterviews was 
0«69* Several mis cojice^pt ions ^bout the concept of the" mole seemed to 
prevail. The mole was thc^ugJit^ta be connected to mas^ rather than number, 
and to be an exclusive property of ^ases. The conclusion of ^the study ^ 
was th^t most l^-year-o'ld pupils in Israel do not have a coherent under- 
standing of the mole's significance in interpretation and its use in . 
solving problems. The author suggests that perhaps these students do not 
^ function at the cognitive levfel necessary to urhJerstand this concept. 



The apparent discrepencies between the' ability of some students to 
learn concepts and the use of those concepts in existing curriculum*' materials 
may^be- the source of significant learning difficulties in the science 
clasSYoom*^^ Fox 'that reason, the study of , specific processes and concepts 
^and how s.tudents learn thesa^^processes and concepts, the' age at wH^j^lJ 
they are capable of 'learning them, and the levels at which the learning 
Is possible all^seem to be important quesi^lons to be studied by science 
educatipa r^earchers. Most of the studies in this area seem to be descriptive 
^tid^es. This seems to be a reasonable approach based on the present 
limit of our theoretical knowledge. However, one would hope that more 
experimental stiulies can be done in order to test some of the knowledge that 
we already possess. Evaluation tools for studying this area vary widely from 
irffonnal interviews to standardized examinations.* The ,t:linical Piaget- 
type interview seems \o be a widely used and valua|)le technique for studying 



■4 
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the understanding of Concepts by elementary ^d secondary students. 
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College Level Research I' 

College level research was arbitrarily divided into two major parts. 
The first part includes research concerning comparisons of components of ^ 
a course or instructional programs. Most of the studies involved a com-^**^ 
parison of one teaching or program approach to another with student 
achievement and attitude toward- the course as variables. 



The laboratory portion of science courses appeared to gain the most 
a'ttention. 'Several research studies modified the "laboratory approach 
and compared the new approach with respect to student, achievement and 
attitudes to what was most often labeled the "traditional" approach. 

Another relatively large group of studies focused on the lecture 
portion of the science bourse or program. Several of these studies / 

TP 

compared various forms^of audio-visual, self '♦spaced, individualized,^ and 
tutorial aspects to the lecture-recitation or "traditional" approach. 
In most cases, no significant differences in student achievement were 
found. Most st'udies did, however, show that student attitude 'toward 
science in general or toward a p'^rticular cours^ was improved by what- 
ever modification was used; ' J \ ^ 

Some ^research studies in the first group fqcused on course obj-ec-, 
tives. Generally ^jspeaking, the studies djC^ nat investigate on question 
the| value or appr^riateness of objectives, but focused* on if, orkwhen, 
or how, thQ objectivefs shoifld be Revealed t,o students. 

. Other relatively large c^^gories included in this first paA are^ 
Course Supplements and Focu^or Orientation of the course of study. 
Tife categories In th^ /first section are as follows:, (1) Laboratory, 
(2) ^Lecture, (3) Objectives, (4) Tests, X5) Supplements, (6) Time^^ 
O) Focus or Orientation, (8) Multiple. . . ^ * 



The second part 'includes research that deals with predicting success 

' ( ^ ^ 

of students and evaluation of college instructors. The eva(luaM<in applied *' 

to college instructors is gulte limited in scope and depth sin^fe it focuses 
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prijaarily on the evaluation of Instructor performance by students in the 
class. The research studies involving students were aimed at pr<2dictlng 
success in coXlege, comparing the cognitive prefonnances, and motivation* 
The' categories in the second section are: (1) Students, (2) Instructors. 

In some categories a brief "introduction is given prior to the review 
of specific research reviews. In other cases an introduction was not con- 
sidered to be necessary. 

Component Comparisons 

■* 

Almost one-half of the reseatch reports reviewed in this chapter are 
classified with this group. The ide$ in most cases was to alter or modify 
some part of a c6urse and then see how that affected achievement or attitud 
Achievement was usually measured by performance on a standardized or 
institutionally cons4:ructed test. Attitude was most often measured on a 
semantic differential instrument. 

* 

Laboratory " . * 

Several investigatory modified the traditibnal laboratory approach 
used in science. Th6 first group of experiments fit into this category. 

Townes (296) compared the effect of vicarious laboratory experiences 
with conventional laboratory. One group of students collected data without 
having direct contact 'with equipment, apparatus,, and materials.. This group 
was said to have a vicarious laboratory experience. Another group of stu- 
dents collected data by manipulating equipment, apparatus, and materials • 
This group was said to have a cohventl«q;ial laboratory experience. , The 
Vicarious laboratory group was labeled' experimental, the conventional 
laboratory group was the control; 

0 

^ Townes concluded j:hat the experimental 'group exceeded the control 
group on all instruments used to measure achievement. Also the experi- 
mental group showed greater competency in th^e use of science processes than 
did the conventional laboratory grogp. 
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Dickinson (78) also experimented wj!fc|i modifications of the traditional 
laboratory-lecture approach to determine the effects on student attitude 
and achievement* He used three differ^t laboratory-lecture combinations. 
Forty-three students comprised th,e control group taught by' the lecture 
method only. Another A3 students cqmprised one experimental group taught 
by the lecture-laboratory method, A second experimental .group of A3 stur 
dents was taught by the lectuxe-recitation method. Student achievement 
was measured on two subject matter achievement- tests: one constructed by ^ 
the instructor and the Nelson Biology Test, Student attitude was compared^ 
using the Scientific Attitude Inventory. >^ 

I 

Dickinson reported that students taught by the lecture-laboratory metl^od 
had higher achievement scores than students taught by lecture only. Stu- 
dents taught by lecture-laboratory did not achieve significantly (.05. 
level) better than those taught by lecture-recitation^ Student attitudes 
toward science were changed more favorably by the lecture-laboratory and 
by the lecture-recitation methods than by lecture only. 

Holloway ,(127) investigated the effects .of ,13 open-ended i^aboratory 
experiences in physical science on critical thinking ability and attitude 
of^college freshmen. The experimental group consisted of 38 rai\domly 
assigned students who were taught by the discussion-lecture method and 
open-ended CTCCP) laboratory procedures. The control group consisted of 38 
randomly assigned students taught by lecture only* 

At the ' end of the 12 weeks instructional' period, both groups were 
administered the Test on Understanding Science and the Watson-Glaser Cuitical 
Thinking Appraisal, Significant differences were found between the two 
groups in critical thinking and in attitude toward science which favored 
the experimental group. , . ^ 

Dorrance (80) compared two laboratory instructional treatments to a non- 
laboratory approach to determine their effects on manipulative and cognitive 
skills. In general biology, laboratory sections wfere^ assigned randomly to 
the three instructional treatments — four received lecture only (control), 
three deceived lecture with structured laboratory, three received lecture 
with a structured demonstration. 

no ' 
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A 40-itea test on cognitive skills based on thfe Bingman (BSCS-MCREL) 
analysis of processes of science was used to measure cognitive skills. 
The acquisition of manipulative skills was established by performance of 
a specified laboratory practice (serial dilution) and proper laboratory 
procedure. ' * - * • ^ . 

' V . - • 

f^e results showed the laboratory method of instruction superior to 
the demonstration method in the acquisition of behavior's characteristic^ 
of manipulative skills and cognitive skills found in the processes of science 

Cannon (46) compared the effects of student - directed versus traditional, 
highly structured laboratory on student interest and understanding of the 
process of science. Eighty students in a general education physical science 
course were randomly assigned to two laboratory groups. One group was 
encouraged to Use the laboratory to develop and direct their own laboratory 
activities. The other group used traditional, structured laboratory acttv-- 
ities. ' 

Students were pre- and post-tested ,with the Welch Process of S.cience 
Inventory and Interest Assessment Scales* Cann6n found no significant 
differences between the laboratory groups with respect to interest and 
understanding of. the process of science, 

> * 

From Canada, Valeriote C299) experimented with a self-paced laboratory 
course in first-year chemistry." Two sections of 2A students each were 
assigned to a trial gro\ip that did, not follow a strict laboratory schedule. 
^Several other iaborat?ory sections of 24 students each followed the weekly 
three-hour laboratory schedule. > * • 

Students in the two ^triai group, sections were allowed to work during 
the regular laboratory period if they wanted to and at other periods ^as 
veil. The laboratory was left open 18 hours per, week for these trial 
groups. A certain number of set experiments was required but other experi- 
♦xnents could also be done. A written laboratory examination on the set 
experiments was administ'ered at the end of each term. Based on grades 
assigned to students for laboratory performance, the self-paced grdup scored 
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higher on laboratory examinations and on the final laboratory grade, than 
did the regular * group . The. difference was statistically significant. The 
Students' responses to a questionnaire about the course revealed' that they 
liked the self-paced f orujiat . , ^ - *. 

Goodson (109) used objective based diagnostic tests and help sessions 
b^sed on these tests in undergraduate physical science laboratory. The 
study attempted tp assess s'tudent learning during various types of help 
sessions* 

Ninety-seven students wkre randomly assigned to one of four treatmfetit 
groups and a control group • Each group was a laboratory section. Ten 
laboratory exercises of two hours duration each^were scheduled in con-- 
junction with the physical science course. Three of the ten sections were 
delected for this study and were taught by Goodson and five teaching 
assistants. ^ . ^ - 

There were four different treatments 'for the experimental groups 
utilizing, the results of the objective-referenced diagnostic tests and one 
non-treatment or control grdup . The treatments were as follows; Q) A 
list of objectives for each exercise studied, a diagnostic test based -on 
these objectives, and a help session designed for reteaching inco^ijrect 
responses on the diagnostic test. (2) Treatment vas the same as Cl) 
except the help session simply encouraged students to ask. questions con-^ 
ceVning. items missed on the diagnostic ^test, (3) Treatment was the same* 
as (1) except students were to use various certain resources to find answers 
to incorrect responses^ (4) Only diagnostic test and help sassion which 
advised students to use^ various sources to find answers to incorrect' 
responses were used. (5) The control group received no tre^tm§nt., 

At the. conclusion of the study a criterion test of physical scTence 
laboratory achievement was admimistered to all students. A' similar test 
was administered six weeks later as a retention test. •Goodson reat:hed 
several conclusions: (1) Student achievement was greater in th^ help^ 
sessions in which students were encouraged to ask questions. (2). Student 
achievement was higher when the diagnostic^ tests witfh remediation v^ere 



used than when no'' remediation was'tised. (3) Retention was greater when stu- 
^ dents were advised to- discover, on their own, correct responses to diagnostic 
tests. * . * ^ • 

Hill (125) evaluated a set of commercial slide-^tape un designed 
to teach laboratory technique in chemistry. The program did prove to be 
an effective meanfe of presenting instruction in basic laboratory technique. 
Hill's interest w^s' specif ic^lly related to creativity. One purpose of her 
' study was to determine if ^creativity could be enhanced in a specific dis- 
'cipline, such as chemistry, if students received laboratory instruction in 
which they were encouraged to practice processes considered to be creative 
and were rewarded for such behavior, BaSed on the idea, that creativity 
involv^es divergent production which involves the ability to synthesize and 
recombine^ material to form new solutions, this^ study used teaching methods 
believed to encourage divergent thinking in the chemistry laboratory instruc- 
tion, 

* 

Hill designed a pretest and posttest for creativity in chemistry using 
the Minnesota Tests of Creative Thinking by Guilford and Herrifield, Ihe 
^investigation of creativity 'involved 176 students in 4 laboratory sections 
' in general chemistry. Three of the laboratory sections comprised the, experi- 
mental group, Xhe fourth laboratory section was the control* ' , 

Students in the experimental group had access to the slide-tape instruc- 
tion of Young and Fiel. The control group did not use the slide-tape, 
presentation. The Modular Laboratory Program' in Chemistry by Neidig and 
Young was the source of ^he weekly laboratory experiments for all four 
■ sections. All four laboratory sections received .laboratory instruction which 
emphasized the importance of creativity. Pretest and posttest scores 
Indicated that all four sections made statistically significant improvement 
(.05. level of confidence) in both laboratory technique and creativity. "Hie 
experimental group excelled over the control group in , laboratory technique. 
Hill further concluded that a system of teaching 'and rewarding creativity 
through grades can effect an increase in creative abilities. ^ 
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DeLuca and Rennet (76) compared achievement and attitude in traditional 
laboratory and a structured Inquiry laboratory approach in introductory ^ 
geology. All students .attended lecture sessions three hours per week. 
The lectures were conducted *by the /geology staff, , . 

. /^'" ^ • / ' • • ^ 

The traditional- geolpgy laboratory required that a large "percent of 
the total. .laboratory time Cthr£e hours) be given t^.„£jcplanations and clarifi- 
cation of terminology. It was comipon practice for the instructor to devote ' 
the first* tour to lecture and providing Information- using the chalkboard. 
In som^ laboratory sessions, most of the. three-hour period was 'used this 
way, \ ' . 

The structured inquiry approach that was used in the exper'imental ^ 
laboratory began with a 10- to 15-minute introduction. Then the students were 
involved in the activity, A variety pf learning aids "vas used: models, 
movies, slides, modeling clay, steiz^eographs , etc. When working with the, 
materials, students were encouraged to make observations, collect data, draw 
conclusions if possible, and answer questions. In the study, 83 students 
were randomly assigned to two instructors, two classes to each instructor. 
Each instructor taught an experimental group and a control group. 



To measure achievement, an objective test was developed, tested, re- 
\^itten and used,^ Student attitude towafrd .their respective course and 
*selfiresteem as a geology student was measured,, using a 10-scalte semantic 
differential test. Analysis of the data yiel(ied the following findings: 
Cl) Ther^e were no significant differences in achievement between groups. 
Instructors, or methods* of.«ins truction', (2) Students^ in the experimental 
^^toup had, a signif icai^tly more positive attitude toward their course than 
did those in thje Expository (traditional laboratory) group, (3) Students 
In the structured inquiry group indicated greater self-esteem as geology- 
'students than did those* taught by the expository approach. 

Generally speaking, the .two approaches -were equally effective in 
" . . \ ' . 

promoting achievement . in geology content. The structured inquiry approach, 

however, ^as signif icantly^ moj-e effective in promoting favorable student 

attitude and self-esteem as a geology student, 

* 
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Lecture 



■ \ 



The first investigation %r\ this group is the only t^esearch report 
reviewed -dealing specifically with the effectiveness df lecture and lecture 
dtylei Since ^lecture is/ no doubt, the most frequently employed teaching' 
%e<;hnique, this research has broad application in college teaching not^ only 
In science but in all curriculum areas. 

Johnstone and Perciv^l (lAO) investigated student attention patterns 
during -lectures mostly in first year chemistry. Th^- ^vestigators were* 
Interested in the existence and frequency ,of general'vnon-attention. • Moi^e 
specifically, the research centered on determining the pattern of attention 
breaks if the^ did exist. They , were also interested in deterinitiing whether 
or not the attention i)reaks were related to lecture style and which factors, 
if any, improved the non-attention pattern i« a lecture. . / • ^ . 

An attention break was defined as "a peridd of general lack of concent . 
tration during a lecfure involving the majority of the class and merely* 
Isolated individuals/' These attention breaks were iclentiffed by increase* ' 
In background noise, students jLnyolved in doodling^ chatting, looking around, 
etc. A general feature was a mood of restlessnesss in the class. ' 

The investigators obseifved over 90 lecture sessions and sat among *^ 
classes'of 275 to 3d0 students to make observations. Several of the 
lectures were /attended by indep'endent observers so that thd findings 'could 
be compared. A .'''f inger print" of the lecture was recorded which included * | 
aspects of lecture style, times and length of rwn-atteritioh^, and precise 
content ideas presented during non-attention. There was a very high cor- 
relation of these notes taken by thfe separate observers although they were, 

* * ? ' 

not In contact during the lecture. • ' , • ' . - 

A large class (550 students)* of first year chemistry Had been divided 
Into two sections, one in the morning ai^d one in th'e afternoon. Each section 
receiyed an identical lecture. A comparison wps made of these two- classes to 

' V 

determine the effect of the attention bi;eaks on achievemeritsL For example, 
if one class had an attention break during a particular preserjtatlon of 
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content and the other did not, this would be expected to show ui5 = on one- of 
the diagnostic'^ tests which were given monthly, 

X j ' » 

Pattern^ of general non-attention were observed. These periods gener- 
ally lasted from two to four minutes. The first period of non-attention 
was at the beginning of . the lecture, due to the class settling down. The 
next- lapse of attention generally occurred some 10-18 minutes "^later , As 
the lecture proceeded, the attention span heiame shorter and often fell t^o 
three or four minutes toward the end of the lecture. This general pattern , 
of shortening of attention span was found in every case where a lecture 

s 

without a break was given. The rate of decline of attention spans varied 
fron^ one lecturer to another ofvthe 12 observed. %he variables which 
appeared to affect the ra^e w6re difficulty of subject material, delivery 
rate, legibility of chalkboard work,* anc} lecturer personality. 

To determine the* effect of non-attention breaks on achievement, certain 
items from the diagnostic tests were selected fo"r comparison of the morning 
^nd afternoon sections of general chemist;ry. Some items represented periods^ 
in which both sections were inv^olved in non-attention. Some items were 
selected to r^epresent periods when both sections were attentive. Some items 
were selected to represent periods when one section was attentive and. the 
other was not.' 

In rtje cases in which both sections were attentive or both sections wei;e 
involved in non-attention, while the ideas represented by the test items 
were covered by the ;Lecturer, there were no significant differences in test 
scores. In the cases where one sectiori was attentive and the other ^as not, 
' the difference in scores was highly significant. 

Lectures with deliberate variations interspersed usually ^commanded a 
better attention -span pattern and had the effect of postponing or eliminating 
the occurrence of the attention' break. The variatioos included illustrative 
jnode;is, experiments, buzz sessions or problem solving sessions and other 
^ 'such plani^ed breaks.' - - f 
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Lawrence (158) compared the achievdtpent and attitude of students in 
medical tiochemistry in a standard Ifecture-chalkboard presentation to a 
slide-tape method and a combination of these methods at the student's 
discretion. Achievement -was measured with regular scheduled quarter exams. 
Attitude wa^ measured /by using a pretest and posttest Likert-type srcale . 
directed at the student's attitude toward biochemistry. Another Like^t- 
type scale was used .at the termination of the cours^ to determine each 
student^ attitude tpward the instructional method used. Lawrence found 
that informational gain was highest in the group taught only by the slide- 
tape method. The combination group had the highest rank in attitude toward 
the subject and the method of instruction. 

Comba. (64) used the self-paced format in physical chenri^itry lecture and 
testing. Lectures were taped so students could' listen at their convenience. 
Also, students could take tests early if homework problems were completed. 
" Taped previews and aids on problem solving fqr each unit were available to 
the students. After a period of adjustment to the various avenues available 
ta them, the students using the multiple option approach improved steadily*. 
Class attendance was even. better under this option than with the traditional 
approach. 0 

Ott (218) compared the achievement and attitude of students taught 
by two methods in a one semester freshman level physics course. One group 
of students was taught by lecture-recitation-laboraTory , TKe other was 
taught by audio-tutorial instruction. Students in both groups used the 
same texts,* had the same homework, and laboratory assignments, and were 
given identical quizzes and examinations. 

The standard lecture^ecitation-laboratory consisted of two hours 
lecture and two hours of recitation per week, and a two-hour laboratory 
every other week. In the AT method, there was a one-hour recitation period 
per week. All other instruction was at the student's conv^^nience in a 
learning center staffed by tutors 47 hours per week. This learning center 
^ contained materials for seYf demonstration^ audio-tape commentaries and 
elides. The tapes, commentaries and s*lldes^were coordinated with a study 
guide. Tlie measure of student achievement<f;in tbe course was the student's 
final grades'r * 

^ • .lor 
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Another aspect of this study had' to do with, the method^ of assignment • 
of students to AT or standard methods of instruction. Four different types 
of assignment were used as shown in the following diagram which also shows 
the numbet of sections in each category, <- 

AT Standard 



Random 



Preference 



The res i^^^ of the study can be briefly summarized as followsr^ There 
was no signif icant<fidif f erence in achievement as measured by final grades 
between students in the audio-tutorial group and students in the standard 
group if students were assigned on the same basis. Students assigned by 
preference indicated greater satisfaction with the method of instruction 
they received than did randomly assigned students. " 

.There is much more In the research by Ott than can be dealt with in 
thi^ brief review. The interested reader should refer to the complete 
article. 

( J ■ 

•Spevack C276) con^pared the achievement-^nd final course attitude of 
non-science oriented chemistry studervts^jj^ing the Keller Plan andy:he 
Lecture Recitation System (tRS) . The Keller Blan or the Personalized 
System of Instruction (PSI) is a self-paced, mastery oriented, student- 
tutored instructional method based on the psychology of reinforcement theory. 



4 



Th6 distribution of studeiy^ in the PSI (experimental) and LRS (control) 
sections was nearly random since 'students^ chose their section without know- 
ing if it would be experimental or control. The sections were designated 
experimental or- control on the basis of 'a coin flip. / 

Students in the control group had three periods each, week conducted 
„ by the traditional lecture- recitation method. The students' grades were 
based on tfheir performance on four regularly scheduled exams and a non- 
cumulative final, 'Students in PSI had one period each week designed* to 
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motivate them to learn the cour&e content on their own, During two other* ^ 
scheduled periods each week, the lecture room was furned into a study hall 
where students -could consult with tufors. Students* in the experimental 
group were also informed that their course had been divided into 12 units,, 
each consisting of a reading '-assignment , instructional objectives,, and 
homeworH questions. Each PSi student studied the units sequentially at 
'his/her own pace and took mastery exams given by a tutor when she/he believed 
they knew the* material. Alternate exams could be taken without penalty. 



All students were tested during the first week with the American 
Chemical Society-National Science Teacher's Association (ACS-NSTA) Cooper- , 
ative High School Chemistry Examination, Form 1971. The course instructors 
and Spevack constructed objej[:tive, multiple choice midterm and non-cumula- 
tive* final exams. Tlie sum of the standardized raw scores on these two 
exams, with corrections for guessing, was considered a measure of achieve- 
ment. An analysis of covariance was used to analyze the data/ There was 
no significant difference in the achievement of the experimental and control 
groups. * ^ 

A course evaluation questionnaire was used to measure the 'final course 
attitude of the students. Tjhe instrument,* administered during the. fif- 
teenth week, allowed the investigator to conclude that PSI students had a 
more favorable final .couj^se attitude. 

Calhoun (42) conducted a study using* the Personalized- System of 
Instruction (or Keller method) in an undergraduaite personality course. The 
results indicated that progress through tl^ coui^se was related to ^grade 
point average. That is, strong students progress rapidly but weaker students 
can achieve mastery if adequate time is availabie^. The flexibility to go, 
'beyond the limits of the semester or qua^rter is ' desirable. 

Mintzes, Littlefield, Shaub, Rakitan, Richard Crockett and Ronald 
Crockett (195) reported on five studies involving 693 secondary and college 
students in individualized biology courses. They identified student char- 
acteristics relating to high achievement in these courses. Prior knowledge, 
intellectual ability, and mcArivation were related to high' student performance 
In all five studics-r^ \ * . . 
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Wolfson (316) compared lecture and individual research as methods of 
teaching a required science course for achie>^nient apd retention.. Students, 
In three classes of 30 students each, all taught by the same person, were 
permitted to select either of two approaches. One approach, the "formal" 
approach, required student^ to be present at lectures given Once each week ^ 
for two and one-half hours, _ They also attended a laboratory section that 
met once each week for two-and one-half hours. The second, or "informal" 
approach, required the student to select a researfti topic f rgm'^a, lis.t pro- 
vided by thev^instructor or decided on with the approval of *the instructor, 
A statement and prief outline of the topic was required at three weeks, ^ 
a^rbiblibgrafttiy at eight weeks, a formal' outline at twelve, a^nd the -paper 
at f if teen 'eeks , Each student gave a lO^mihut;^ talk on his/her paper. 
The "informal" group participated in laboratory with the formal group. ' 



Objective tests were given to all students in both groups three times 
during the course. There was no significant difference in science knowledge 
at the beginning of the course. After 15 weeks, the formal group -per- , 
formed better' on tests but not significantly better. After a period 
seven weeks ^ retention test was administered. The informal group outi5e*r- 
formed the formarl group at a level of significance greater -than .OS* 



)jcctives r ^ 

arol' 

attitudes related to variation in type and use^ of' course objectives 



These resear^ studies dealt primarily with student* achievement and 



Miles (194) studied the relativ^ef f ectivenesff of behavioral and non- 
behavioral objectives on achievement in an introdulctory geology cqurse. 

The behavioral objectives specified what was to be learrted and how the 

I 

learning would be demonstrated. The non^-behavioral objectives, or outline 
objectives, consisted of listings of trferms and concepts in hierarchical * 
groups, A second objective was to assess the attitude an^ preferences of 
the students with respect to the two types of objectives, ^ 

Two Intact classes,' totaling 32 students^ were randomly assigned as 
experimental and two classes (30 students) were de»iignatcd as comparison 



groups. The exp.erlmental groixp used behavioral objectives and the comparison 
group used outline objectives for one quarter • Tests were given on two^ 
week Intervals and the students were also given a comprehensive final exam. 

Analysis of the .data (multivariate analysis) indicated that the overall 
achieve^i^nt' of the experimental group was significantly higher tljan that 
of the comparison group. During ^the next quarter, all students were exposed 
to both types of objectives. An attitude scale showed an almost unanimous 
support for the use of objectives. Also, when students wer^ given a choice 
of behavioral objectives or outline objectives, the majority of the students- 
chose the outline form and appeared to view the outline form as more use- 
ful to them. 

Leonard (165) conducted a study in which (among other variables) the 
students' pferceivcd usefulness^ of , and attitude toward, prior knowledge of^ 
instructional objectives in a physical science course was assessed. The 
student groups which were givetl' the instructional objectives found -them 
useful and expressed a desire to have such statements of instructional 
objectives made available to them in other courses. 

Tests . . 

Trochet (297; studied the influence of a computer-based Vepeatable 
testing program on student ^achievement and attitude in a gen^ra^NQducation 
physical science course. Students (108) in the experimental group followed 
^a repeatable testing program in which they, could take unit tests'^a 
second and , third time without penalty. The repeated tests were an alternate 
form of the first test. The control group students ' (100) had only one 
opportunity* to take each* test. Three unit t«sts, an opinion survey about the 
course and the testing program, and a midterm achievement examination were 
given, 

^ / 

StuBents in the ^experimental group scored significantly higher on two 
of the three unit exams. There was, however, no significant difference 
between the experimejcital and control groups on the midterm examination. 
It appears , that repeatable testing allowed short-term learning, but there 
was not a significant difference in long-term retention. Students preferred 

100 
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the r^peatable^sting but this preference had little, if any, influence 
on their attitudes about other aspects of the course, 

' Rosati (252) reported on Announced Repetitive Tests (ART) ^ a teaching 
method similar ^ PSI# The method involves defining a minimum acceptable 
course content and expressing it'in the fom^-pf 'a certain number of ques- 
tions* . The questions are grouped into question sheets and quizzes and given 
.to the students together with study guides. The student studies the quiz 
until he knows the material. Then the student takes the quiz and has it 
checked by an instructor. The student may repeat incorrect questions^ or 
variations of them, until they are answered correctly. Students and instruc- 
tors liked the ART method of teaching. Rosati feels, however, that the 
method would not be successful with classes of over 30 students. 

Supplements ' , 

. Research studies placed in this group are those^l^i^^ generally intro-- 

duce some innovation in the form of supplementary materials or activities 

into an instructional program to enrich or enhance it or to solve a partic- 

^ ular problem in the course of study. > 

Reiss (242) introduced the use of a personal journal kept by the 
student as a means of measuring students' learning and evaluating the- * 
students' knowledge of physics. He dete.rmined that the journ*kl was an 
effective 'instrument by which the student could document and demonstrate 
learning, 

Kromhout (153) investigated the effectiveness of computer review lessons 
as a supplement to an introductory, physics course. Fifty-five computer 
lessons were made available to the 170 students ' involved in the study. 
^ Gener,ally favorable results were achieved by users of the supplementary 

lessons. ^ ^ ^ 

Tamminen (290") supplemented a general chemisiry course for non-science 
majors with a workbook of programmed chemistry problems. Four lecture 
^ sections (120 students) of college general chemistry were used in the study • 

ERIC - 110 



10^ 

All sections met twice a week for a one-hour lecture and a two-hour labora- 
tory session. Another one-hour cfiscussion period was optional. Students 
In two sections used a basic chemistry text with the Programmed Supplement 
of General Chemistry Problems written by the investigator. The other two 
sections served as controls. A two-way analysis of covariance was employed 
to evaluate the data. Tamminen found that there was' no significant differ-- 
ence (p>.05) between the treatm^t and control groups, • ^ 

iJooley (318) devel6ped and evaluated a supplemental Computer Assisted 
Instruction (CAI) program to improve the ability of students to cope with 
the mathematics in introductory astronomy. Three types of CAI modules were 
d^eveloped for use: (1) guided discovery modules whiqh provided feedback 
guiding students to correct responses; (2) discovery modules which supplied 
only knowledge of results feedback; and (3) placebo modules. 

Wooley taught the two sections (94 students) involved in the study. 
A mathematics ability ^pre-and posttest was used. Course content, retention, 
CAI Attitude, and course evaluation instruments were administered at 
appropriate times during the semester. Wooley concltided that neither of the 
experimental approaches resulted in, an increase in students* mathematics 
ability or in transfer of learning to mathematical portions of the course, 

Meade (192) studied the use of a computer as a problem solving tool 
In college physics. Three areas were explored? (1) achievement, on course 
examinations and quizzes, (2) attitudes toward problem solving, and (3) 
feasability of the use of computer problem solving on a regular basis^ An 
experimental group of 46 students was required to write and ^execute computer 
program^ basec^ ^n problem assignments given to the control group of 89 
students. Both groups had the same instructor and were given the same \ 
quizzes and examinations.. Students in both groups were given surveys to 
measure their attitude toward physics, problem solving, and the particular 
course of study in which they were involved. 

Meade found that students who were taught problem solvin*g by the com- 
puter approach did not achieve higher scores on examination and quizzes and 
did not have a more favorable attitude at the end of the course toward 



problem solving or physics. Also, students in^many cases reported that the 
computer progranuning took too much time. . » ' ^ ' 

Time- ^ 




Blind (31) assessed :^he effects of ^compression of atldio and video 
components on learning during an inst^-uctional television presentation. 
The results indicated that in this presentation learning, as demonstrated 
by a pencil^and-paper test on multiple choice items, occurred as*Teadily 
with comprCT^Bed material as with uncompressed material. 

Studdard (283) demonstrated that the same goals could be achieved 
during an interim term in a college Xevel physical science course as in a 
regular semester course. 

,"^\ 

Focus or Orientation ] - ' 

The following four research reports^ describe investigations in which a 
focus 6r orientation was utilized in the course that differed from t\ie * 
traditional course in that conten^t area. One' of the research studies, the 
last one, was included with this group because the evaluation was phased in 
p^rt on the election to take the second "course of a two-"semester sequence. 
The second course was not required. ^ » * 

Graham (110), attempting to make physics more attractive and familiar 
to students, developed a new cours*e emphasizing the qualitative aspects of 
physics. He tested the hypothesis that there would be no significant 
difference in achievement by students who studied phyfeics by ,the qualitative 
approach and those who used the quantitative approa'ch^ h 

' A -control group of 32 students enrolled in a physical science course 
which used the quantitative approach was used as the comparison group. 
Twenty-six students, the experimental^ group, were taught physics using the 
.qualitative approach.' Both courses were ' taught. by the same instructor. 
The ihstruments used included the Dunning-Abels Physics Test (Form E pre- 
test, From P posttest) and a science knd mathematics interest* inventory 
pre- and p&sttcst. * ^ ♦ 
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Analysis of the data showed that there was no significant difference 
In physics achievement using the two approaches. There was also no signif- 
leant differ^pe in the two approaches with respect to interest, 

Blomme (32)^ . compared the attitude toward science of students in a 
traditional chemistry course and an environmentally oriented general chem- 
istry. coutVe for nonrscience majors; The Science and Scientists Attitude 
Inventory (SASAI)' developed by Lamoine Motz was administered as a pretest 
and p'bsttest. . The pretest indicated that no significant difference in attin 
tude toward scienc(& exisLecJ between the sample populations of the two gri)ups. 
There was, however,^ a significant difference -in the attitude toward scientists 
at the .0^ ievel. The. traditional chemistry group had a more positive *^ 
attitude^ 

w . ' . * ^ « ' 

After completion of the two courses, there was no significant change 
in the attitude toward science by the students in the environmentally 
oriented course. There was a positive change at the ,001 level of signi- 
f IcaiM^e^oward science by the traditional chemistry group. The environmen- 
tally oriented course produced a positive change in the attitude toward 
scientists in the sample population of the traditional course,^ . ^ 

Williams (309) measured the effect of the course Physical Science for 
Non-Science Students (PSNS) upon the problem spying skills of non-science • 
college students. Ten classes using PSNS were compared to ten* classes 
using another science program. 

r The College Science STEP Test was administered as a pretest and as a 

1 

posttest. ' The pretest score of the, two groups were subjected to analysis 
of variance. The results indicated no significant -difference between mean 
p^formance of the two groups. 

The pretest and posttest class mean scores of the PSNS and non-PSNS 
^r&tips were subjected to an analysis of ^ covariance. The results indicated 
that there appeared to be no significant difference in the improvement of 
problem solving skill in the- PSNS and non-PSNS groups. 
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Mauldin (180) studied the effectiveness pf a physiC£^^^ stience inquiry 
course in changing the attitude of college students toward scientific 
methods. In this study, which involved 300 students, u^e was made of the 
fact that the course was available as a two semester sequence. The second 
half of the sequence was optional; ' ^ - . 

' - t ■ ^ • 

A pretest and posttest with a twelve-scale semantic differential 
applied to each of the phrases "physical science," "doing'experiments 
and "making inferences from observations" was used to assess attitude. 
Science interest was measured with two questions on the frequency of out- 
side reading and science activities. 



ERIC 



Analysis of data from the instrument used in the pretest and posttest 
indicated a significant change in attitude in the unfavorable direction. 
Also, no significant relation was found between student attitude level or 
change in the first course and student decision to take - the second inquiry 
course. 



Multiple Components 



The first research report in t:his section is different from most of 



the others in two ways. First, it 
different components or variations 
research studies focused on one or 
. course of study and objectives are 



Naegele and Novak (20A), in a 



involves the use by students of many 
from a traditional course. Most of^the • 
two components. Second, since the 
different from 'traditional courses, ' 



comparisons are probably not as meaningful, 

Th6 third research report indicates that chemistry courses offered by 
colleges and universities for non-science majors have no detectable patterns 
of content. 



paper presente"! at NARST,"* 1975, reported 



on a two^semester introductory physics sequence developed over a five-year 
period at Cornell University, , The course involves between 20 and 30 staff 
members and from 500 to 700 studehts,. The course is aimed primarily at 
students pursuing careers in life science areas. 
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The physical facilities occupy a 10,000 square foot area with some 
90 carrels containing atfdio cassett^e recorders, film loop projectors, 
demonstration and laboratory equipment, etcT A large portion of the. 
space is occupied by a testing center and post-exam tutoring rooms. 

The function of the learning center is to provid,e a wide variety of 
instructional alternatives to be used by the student as often as she/he 
wishes. Students work at Jtheir own pace, with help from an instructor . 
as needed, pn nine" modules each term. A standard^textbook is also used 
with the course and students are provided a study guide containing a 
list of learning objectives, a list of recommended activities, laboratory^^ 
Instructions, audio- tape supplements, supplementary problems, programmed 
materials, and sample examinations. Examinations are self '-paced mastery 
type and are non-scheduled and repeatable. 

» Student attitude was assessed using an endrof -course questionnaire. 
The information from this questionnaire, when compared to a background 
questionnaire administer,ed at the beginning of the course, indicated sub- 
stantial gains in gtudent attitudes. The attitude of the staff, primarily 
graduate physics teaching assistants,- was also jreported to be extremely 
positive. The staff expressed a marked preference for the self-paced « 
format over the more traditional formats 

Because the content, objectives, and evaluation procediires have signi*- 
ficantly chang'ed since the course was taught traditionally, Naegele and 
Novak propose that it is virtually iinpossible to definitely compare over- 
all achievement under the two formats. Castaldi (49), 'in* a report on 
research at Cornell using the audio-tutorial format, self -pacing, and 
mastery testing, states that achievement in this format allows as good or ^ 
bet t^r^chievement" than in a traditional lecture-laboratory-recitation format* 

Blatt (30) used questionnaires to obtain information ab.out introduc- 
tory chemistry courses specifically designed for non-science majors. 
Questionnaires sent to four-year colleges accredited by the American Chem- 
leal Society established that most of these schools do offer a course for 
non-science majors. .The courses differ from traditional chemistry courses 
in many ways and differed from each other ^uch that there was no detect- ' 
able pattern among the information obtained. 
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Instructors and Students 



The college instructor, as a^^part of the educational program, is 
touched upon by two reports, , In beth easels the evaluation of the 
instructors wa? based on student opinion surveys. The research 
^ reports which dealt with' students were richer in variety. / 

■., - . 'I 

instructors 

< Counts (69) investigated the effects of certain student characteris- 
' ti<:s on the student^' -ratings of instruction in biology at the college . 
level. ' The basic population for the study was 374 students enrolled in 
Freshman Biology,^ Among the findings were reactions of students to 
class size, workload in class, and course difficulty related' to their 
biology instructors' performance. Students who thought the class si^e 
was too large gave instructors the highest ratings. Students who said 
that; class siie did not matter gave the lowest ratings. Students who 
perceived .the worklQad as much heavier than other courses gave much lower 
ratings' to instructors than those who believed the'^workload was "about* 
right."' Students who perceived the workload as, lighter than other courses 
gave the highest ratings. Students \^ho thought the course was eithe^r very 
difficult pr very easy gave significantly lower ratings than those v?ho 
thought the course difficulty was "about right." 

McLaren (191) posed the questions in his study, "Do students rate 
instructors with training in professional education higher than those ^ , 
instructors who lack this training?" and "Do students rate insjtructors 
who have completed, the Ph.D, degree higher than those instructors who 
have not completed their doctorate?" • « 

Sixteen member colleges of the Council for 'the Adv^Tic^ent of Small 
Colleges in Ohio, Indiana, and Michigan were used ip the study. The 
senior biology and chemistry students in those colleges evaluated science 
instructors using a Simple numerical ranking scale, 'and the Student 
Instiructional Report , Information wais obtained from instructors by inter- 
view. There wer,e no significant differences in the ratings of instrut:tors'' 
on either of the two questions. 
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Students 



Yekeson (326)' tested a set of critetia to be used by academic advisors 
for the prediction of success and placemen^ in general college chemist;ry. 
The Independent variables tested wete ACT scores, high school grades, 3cate# 
on. the 1958 ACS-NSTA c6ot)erat;Lve examination for high school chemistry, 
and scores on theA^estern Michigan l^iversity Chemistry Plac'ement Examination 
(WMUCPE). The' sample consisted o'f 339 students who had completed c|iemiptry _ 
101 and 102. Yekeson found that no single predictor of success tested had 
a high relationship (coefficient of correlation ranging from ,70 to 1,00) 
with the chemistry gradie, ' ^ \ 

Using stepwise regression analyais, six variables were identified as 
effective predictors of the ^general chemistry grade. These variables were: 
(1) ACT English Scores, (2) ACT Mathematics score, (3) h;igh*^school mather 
matics grade, C^) high. school social studies graie,.(5) high school natural 
science grade, and C6X the ACS or WMUCPE, Yekeson developed a prediction 
equation using the ACT mathematics ffcore ^nd the^, WIUCPE. score, i* ^ 

• ^- ' • - 

Spenter C275) conducted a study 'to find the relationship of , certain 
variable^ to the grade point average in general biology, Tfie independent 
variables tested wer'e high school grade point average, SCAT verbal and quan- 
. tatlve scores, -and CGP mathematics, verbal, motivation and biology interest*" 
scores, . ^ * 

A raitdom sample of lAO sttkdents was drawn from a list <^582 students 
who .Ixad already completed biology courses. The SPSS programs were used to 
cdndjjct a Pearson product-moment correlation" and a 'stepwise multiple 
regression analysis of the sample. Spencer concluded that the best single- 
predictor of success in general biology was the high school grade ^int 
average, 

Lipton (1$9) asked the question, "In introductory science classes, 'is 
there a differential relationship between academic ability and achievement, 
and between academic ability and attitude that depends jon feht^persofiality 
characteristic of internal-external control?*^ 
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• Th6 predictor variables' consisted df the verbal and matheiiiatical scores 
of the Scholastic Aptitude Test (SAT), the scores of the Rotter Intern§l-« 
External' scale, and the linear cross product terms of internal-external • 
control and ability. The criterion variables were course achievement as 
measured by pooled standard scores of mid-term an(| final scores for^ each 
class, and the intellectual and emotional scales of the .Scientific Attitude 
Inyentary. Three multiple regression analyses were perfoAed to -analyze 
•the data,\ The results showed the SAT to be a valid predictor of academic . 
achievement ♦ -^T 

bedges and Majer Cl20) detenni)^ the relationship between grains 
received ;Ln prerequisite biology, chemistry, mathematics, and physiS^ 

V 

coursed' and subsequent grades received in science major areas* 

The -subjects were 195 students who graduated with majors in applied 
physics, information science, applied mechanics and engineering, sciences , 
•biology, chemistry, mathematics or physics. Multiple regression analysis 
was used. * ^ < 



Hedges and Majer concluded that grades in^major prerequisite courses 
were accilrate predictors of upper division . grades in the major area. Lowar 
division physics grades, were the be^t predictor for four of the seven arfeas 
and lower division mathematics grades were tlje best predictor in two of the* 
three remaining areas, ^An interesting, and no doubt unexpected, finding of 
the study was that lower division biology, chemistry, mathemati^ps and ^ 
physics grades were not the best predictors of upper division gracles in 
those areas. . , . 

Yett (327) conducted a study to determine Ifhe effectiveness of 'high 
School laboratory experience in preparing students with the necessary skills 
and knowledge requisite for satisfactory performance in college chemistry 
programs, A questionnaire consisting of 52 items of laboratory skills and 
knowledge selected from chemistry textbooks and manuals waS sent to chemistry 
teachers in 110 high schools throughout the coi^ntry^ ^e teachers rated 
the importance which they assigned in teaching of\jthQ 52 items. 
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College* Instructors of general college inorganic dhemistry from 298 
two- and four-year colleges and universities rated students regarding their 
skills at the beginning of their general, inorganic chemistry course • 
Analysis of .the data indicated that although high school chemistry teachers 
emphasized certain laboratory skills, first' year college inorganic chemistry 
laboratory students failed to exhibit knowledge of these skills, College 
chemistry professors expressed doybt about the value of higy sthool chemistfry 
laboratory courses in preparing students for college chemistry programs • 



Mof^ation ^ J 



Winsberg and Ste-Marie (314) studied the relationship <5'f motivation and 
academic achievement in physics. For this study they used three types of 
m.otivation: (1) motivation to satisfy unfulfilled needs for security and 
belonging; (2) motivation to satisfy esteem needs such as the attainment of 
status within society thfough access to higher educatfion, higher social 
status, higher income, fete; and (3) motivation to satisfy growth needs 
such as the individual's needs to - self-actualize, to create and divert his 
energies*into intellectual, cultural, or humanitarian outlets. 



/ 



The question posed for the study was; How does the individual student's 
academic achievement in physics relate to his measured strength in^each type 
of motivation? , . j - 

The sample for the study was the entire group of students registered 
in. Physics 302. The^re were 78 students in the sample who completed the tests 
utilized, The sample was made up of approximatej-y equal numbers of male and 
female students-* 

Each student's mptivation to satisfy security needs, esteem nieeds , and 
growth^needs was measured using the'Merritt College Mc^tivation Inventory 
(ftCMI) developed by <!oughren in 197^. Academic achievement was measured b^ 
the final or cumulative grade which the student received in the course* All 
of the subjects were evaluted by the same teacher. 
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The data collected and evaluated indicated a significant but negative 
relationship betwe&n the need for security and academic achievement in 
physics. That is, those who were not self-confident were not .successful in _ 
physics! The correlations" between mafivation to satisfy esteem needs or 
/growth needs and academic achievement in physics were not significant. 
Winsberg and Ste-Marie 'interpret their findings to suggest that a laclt'of^ 
motivation to study physics may be due to a need' for security rather than 
a distaVte for physics. ^ 
* : ' 

Cognitive Preferences , , . 

« 

Wrlfcht (320) studied the different cognitive preferences of college 
undergraduate students majoring in science,' mathematics ,;,and engineering. 
A sample of 241 undergraduate students majoring in science,' mathematics 
and engineering was used in the study. 

The students were .administered a revised CPE-II test which measures • 
the 'subject's preference for me'mory, application, and' questioning. Other 
Instruments developed by Wright were also used, the students' cumulative . 
grade-point averages and ACT were used. 

^e study revealed that thei^e -were no significant differences between 
' the cognitive preferences of science majors 'and mathematics majors. There . 
were significant differences between engineering majors and science and 
Bjnathematics majors. Science major? displaye4^a significantly stronger pre- 
ference for questioning than did engineering majors. Engineering majors 
displayed a significantly stronger preference for memory than did mathematics 
malflxs. Students in all three areas, showed less preference for memory than 
' for application and questioning. 
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